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iXTRonrcTiox 

HISTORICA!, SKETCH AND ACKXO\V LEllilM HNTS 

Ev Herber? E. Grecorv, Chairmait of the Conference 

The study of the natura 1 history of the Pacific has procecded 
with few interruplions since the memorahle observat ion s of Cap- 
tain Cook made the occan generally known, The reSults of sutch 
sitrveys as are recortted in Voyagc de La Perouse: Voyage de 
L -lstrofabc; Voyage of the Beagle; the WiLkes Exploritig Expe¬ 
dition : the Clwliengcr Expedition; the Xederlatulsche Nienw 
Guinea Expedition, the Voyage of the Discovcry; the Harriman 
-\laska Expedition: and the Rritish Antarctic Expedition are the 
fonndation stones for Pacific Science on which rest the contribu- 
tions of many individuals and institutions. The interest in svs- 
tematic exploration dtiring the past decade fnay be illustrated by 
the interchange of views that may be considered as the steps lead- 
ing to the organization of the First Pan-Pacific Scientifie Con- 
ference—a conference which is “first** only with respect to scope 
arui persotinel. 

The desirability of a fuller knowledge of the Pacific was con- 
sidered at the Austraiian meeting of the Rritish Associat ion for 
the Advaiicement of Science (1914)* unhappily interrupted bythe 
declarat ion of war. 3 n 1916 Professor W, M. Da vis, who had 
attended the sessions at Sydney. arranged a symposium on Pacific 
exploration for the antiual meeting of tlie National Acadcmy of 
Sciences, and my presetice in New Zealand and Australia permit- 
ted an exchange of views with scientists of the Southern Pacific. 
Iu 1918 a conference on international relations. in which Pacific 
scientifie problems received attention, formed part of the program 
of the Semi-Centennial Anniversary of the University of Cali- 
fomia. At the close of the anniversary uieetings in w r hich Dr. 
Evermann. Dr. Merriam and Professor Ritter took important 
parts, the representattves from the countries of the Pacific 
expressed a desire to call another conference (possibly in Japan) 
soon after the close of the war. During 1919 continued interest 
was sliown by a paper on Plans for the Exploration of the Pacific 
presented by invitation at the annual meeting of the National 
Academy, and by the program of the Pacific Division of the 
American As&ociation for the Advancement of Science, which 
included a series of papers on the exploration of the North 
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Pacific Ocean. During 1920 the Committee on Pacific Explora- 
tion, originali}' appofnted by the National Academy, was trans¬ 
ferret! to the National Research Conticii, and, with changes in 
membersliip and title, constitntes the present Committee on 
Pacific Investigati an s. 

The meet i ng* and informat conferet ices preceding 1Q20 
brougltt ont ciearly the size and complexity of the scientific proh- 
lems centcring in the Pacific and the advisability of cnlisting the 
interest of many instiuitioiis, individuals and governmental agen- 
cies iit a combinet! attack. It becatne increasingly ciear tliat a 
study of Pacific problems could be facilitatcd by a confercnce of 
mterestcd scientists in Japan, Caimda, Chi na. Australia, New 
Zealand, Java, continenta! United States, Hawaii, and the Philip¬ 
pi nes and steps leading to such a conferente were taken. 

While pians were being considered a way was unexpectedty 
opetied for halding snch a confercnce in HonoLulu under the aus¬ 
pices of the Pan-Pacific Union, ati organization designed for pro- 
moting good-fellowshtp among peoples bordering the Pacific. 

In April, 1919. the legislatore of the Territory of Mawaii 
appropriated funtls to be used by the Pan-Pacific Union in de- 
fraying tlie expenses of a ^Pan-Pacific Conimerciai and Eduea- 
tioual Congress" iluriiig 1920 or 1921. and tlie Governor of the 
Territory placcd the orgaitization of the proposed conferencc in 
charge of a committee composed of representative citiaens of 
Honolulu with George P. Denison as chaimian (see page 3). 
Vfectings of this Committee on JuLy i4th and subsefjneut dates 
resulted 111 a decision to give the 1920 session of tlie proposed 
congress the form of a confercnce dealing with the fundamental 
scientific problcnm of the Pacific. This action was so completely 
in liarmony with the pians of tlie National Research Cotmcil and 
of similar hodies in other countries that the reqnest of the Com- 
mittee that tlie Director of the Pernice P. Itishop Museum accept 
the temporary chairmanship of the scientific congress, determitie 
its scope and personnel. and perfect a preliminary organization. 
was granled by tlie Trustees of tlie Museum, 

After consultati 01I with sci enti sts in Honolulu, the Tempora ry 
Chaimian ohtaincd the consent of the Committee on Pacific 
Ex plorat ioti of the National Research Cotine tl to serve as a pro- 
gratn committee for tlie coming congress, an<| at Hiectings in San 
Francisco, New York. Boston. and Washington, and throtigh 
extensive corresjKindence with institutions and individnals inter- 
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ested in the Pacific work, tlie scope and purpuse of the congress 
and the Ii st of desii red delegate* were determiner!. 

Early in April, 1920, invii ations in the name of the Pan- 
Pacific Union were sent by the Tempora ry Chainnan to scicn- 
tists and sciemific institutiom. and complimentary invitations 
were sent by the Sccretary of the Union to head.s of govern- 
ments, newspapers, and to distinguished citizens tn Honoluln and 
elsewhere. Accompanying the invitat ion was the IluUetin of the 
Pan-Pacific Union for May, 1920, and a descriptive circular, from 
which is taken the follo-wtng: 

The ptirpose of the congress is to muline scieiuitic pruhlems of the 
Pacific Ortran rcgiun and to suggest inetbods for their solutum; to iruikc 
a critical invemory of exniiriR knowlcdftt. and to devise pkms for future 
studies, It is anticipatcd fhat this congress wlll fnrmulatc for publicat ion 
a program of research which wil! serve as a giiide for cooperative work 
fnr mdividiuds, iti st i tutioris, and govcrnmental agcnrics. 

The program of tbc Confcreiice is in the hamis of the Committet 
oti Pacific Kxptoration of the National Research Couricil. 

The mectmgs wilJ he urranged to place emphasis on (he fallowiiig 
topies : 

1. The present status of knowtedge of the vannus braiiches of 
anthropology, biology, geography, gcology, and rekilcd scinict-s in sn f:tr 
as the Pacific Oceau regum is concerned. 

2. Research de si rabie to inaugurate; projccts tlcscribed in cousider- 
ahle detail with rcferencc to their significante, and their bearing 011 other 
lields of study. Investigationis designed to lay the foundatioti for a highcr 
ut ili Jtat i rat of the ctroiiomic rcsources of the Pucilic may he melmled 

X Met Irruis of coriperatiou with a view to eliminat ing vmleccssary 
t lupi icat ion of irtoney and energy. 

4. The liest use of the funda. tiow available and the sourec of fur- 
tlier cmdowmcnts. 

As &hown hy the list of delegate* f|>p. 22-26) the response tn 
the invitations was unexpectedly grati fying but the Conference 
would have profited imicli by the presence of sudi tnen as \V. M. 
Davis, K. Daly. S. Percy Smith, L, O, Howanl, J. C. Merriam, 
\V. E. Ricter. E. Edgeworth David. and T. F, Cheescman, de- 
barred by illness or important engagements: and of Fathcr Rou- 
gier and G. H. Angenheister prevented from aiteixling by Inck 
of transporta tion—al! of whom contributed from their storc of 
knowiedge and exjierietice to the success of the gathering. 

The three tnonths immediately preceding the meeting of the 
Conference were devoted to enljsting the interest of govemmental 
hureaus, iustitutions. and individuals and! in perfecti ng local pians 
for organization. On Jtme 17, 1920, the Trustees of the Pan- 
Pacific Union offtciallv approved the forni ai and informat actions 
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of the Committee of the Pan-Pacific Union, and in order to meet 
the restrictioris of the appropriation by the Territory the forth- 
coming congress was given the official title: “The First Pan- 
Pacific Scietitific Conference of the Comtnercial and Educat io nal 
Congress,'* To complete the necessary orbatiization a Commit¬ 
tee on Arrangements and a Committee on Publicatiotis were 
appointed (see page 3), and fumis were allotted for expenses of 
delegates, pubi i catio n of proceedings, and for General pnrposcs, 

After the preli mtnary organizatiou of the Conference had 
been effected the duties of the Temporary Chairinan and of the 
preliminary Committee on Program came to an end. The Com¬ 
mittee of the Pan-Pacific Union, the Committee on Arrangements, 
and the Committee on Fublication contimied to function but the 
Conference itselt was complet ely autonomous, electing its chair- 
man and otlier officers and its committee*, arranging its program 
and inaking provision for future nieetings. (See pnges 3 and 10A 

The Conference was designed as a gathering of scientists 
directly interestcd in the sol ut ion of problems centering in the 
Pacific. The delegates from the varions countries were invited 
as in divi dita Is. and not as official representatives of governmcnts 
or iiistitntions. As was to be expected in a hody so chosen. 
racial, national and institutional interests were completely snb- 
merged in the tlesire for helpfnl codperation. 

The Pati-Pacific Union and the Conference are under great 
obligations to the individuals and the institutkms that gencrously 
gave of their time and means to make the sessions profitable» 
The Committee on Arrangements (see page 3), under the leader- 
ship of Mr. J. R.Galt, ivere constantly on the alert to provide the 
delegates with congemal surroiindings and wxth facililies for their 
work. Outstaiiding features of the program planned by this 
Committee aret 

1. Informal couferences with educational, commercial and 
military leaders and the interesting pnhlic lectores: The Sugar 
Industry of Hawaii, by E. Faxon Bishop: The Pineapple Indus- 
try of Hawaii, by Dr. H. L. Eyon: Tlie Wireless Communica¬ 
tions of'Hawaii, by J. A* Calch: The Ilistory of Volcanic Erup- 
tions in Hawaii, by Lorrin A. Thurston, and Hawaiian Trails 
and Moimtains, by Vatighau MacCaughey. 

2. Military revtew by the lyth Cavalry, Colonei J. D. L, 
Hartmann. Commanding Ofticer, by cotirtesy of Brigadier-Gen- 
eral H. C. Hodges, Jr., Post Comma nder, Schofield Rarracks. 

( vi) 


Digitized 


*Gocgle 


Origmal from 

HARVARD UNIVERSfTY 



Introi» vctiux 


j$. Complimentary excursions by Automobile aronnd the 
island of Oahu and bv traln oveT the lines of the Oahu Raihvav 

■i" »■ 

and the Hawaii Consolidated Railway. 

4. Financial arrangements which made it possible for the 
Conference to hold a fnlly attended six-day session on the island 
of Hawaii. 

5. Guest eards. issued to delegates by the Commercia! Club, 
the Country Club, the Pacific Club and the Univcrsity Club. 

6. The thoughtfully planned receptions givcn by the Bishop 
Museum and by the Univcrsity of Hawaii. and the smokers 
arranged by the Country Club and by the Univcrsity Club, which 
served to establish friendly relaticns between the people of Horto- 
lulu and the visiting dclegates. 

7. The dinner given by the Governor of Hawaii. the 
“chowder supper” of the Pacific Club at the horne of Mr. John 
Guild, and the Conference dinner of the Pan-Pacific Union, 

The cordialitv of the hosts, the brilliant speeches, and the 
uniqtie eiitertainnieiits made those gatherings memorable events 
in the minds of the distinguisiied cotnpauy present. Further 
appreciation by the Conference of the assistance rendered by the 
people of Hawaii is fittingiy expressed in the widely distributed 
pamphlet prepared by the Cominittee on Resolutions of Thanks 
and Appreciation r Henrv S. Washington, Chairman; E. C, 
Andrews; Charles Chilton; Elmer D. Merrill; and Fusakichi 
Ornori, 

In recognition of good will extended to them, nearly ali 
of the visiting delegates respondet! to requests for addresses 
before the various chibs and societies in Honoluht and public 
lectures were delivered by Dr, Wi Iliam Rowie. Professor 
Charles Chilton. Dr. Alfred Mayor. and Dr., Elmcr D. Merrill, 
Public lectures in the Japanese language were delivered by 
Professors K, Kishinouye. F, Omori. K. Shibata, and X : . 
Yamasakl, 

The Conference is indebted to several organizatious and 
individuals for the loan of books and specimens and to the 
United States Geological Survey, the United States Navy, and 
to the Japanese Government for useful charts and diagrams, 
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STATE MENT OF COMMETTEE ON PUULIC-VTIOX 

TjV ArTiiur L. Dean, Cliairman o£ the Conimittee 

A Conimittee on Publication was appointed by the Presi- 
deut of the Pan-Pacific Union in July preceding the opetiing o! 
the Confereiice (see page 3}. This Conimittee had the active 
cooperation of the secretaries of the sections iu securing re- 
ports of the section meetings. 

The manti Scripts submiited by authors and the stenographic 
reports of discussions based 011 the stenographic record skill- 
fully compiled by Olga Smith, Marie Neal, Anne Sattertliwaite. 
and Marie Gregory have been selected and arranged as fol- 
lows: papers on anthropology, by Clark Wissler; papers on 
botany by W. E. SafFord: papers on biology, by Pani Bartsch, 
C. H. Edmomlson, II. F. Moorc. and F. Muir; on geography, 
by William Bovvie and George F. McEwen; papers on general 
geology, by Ilerbert E. Gregory and T, Wavlatid Vaughan: 
papers on volcanology and seismologv, by T. A. Jaggar, H, 
S. Washington, and II. O. Wood; and other material by the 
members of the Conimittee on Publication resident in Ilono- 
luht. To fili wndesirabie gaps in the presentatioti of certain 
topics, the Cotnmittee has reccived the generous assistance of 
scientists who wcre tinable to attend the meetings of the Con- 
ference, 

Becanse of limitations of space, the Committee has ab- 
stratted or curtailed certain articles and has reluctantly re- 
turned several important mamiscripls to their authors. As 
indicated in the following pages, some of these manu Scripts 
have already been pubfished elsewhere. The others are ex- 
pected to appear in appropriate journals or transactiotlS. 

As announced by the Committee on Apri) 4th, it has 
been fotmd impracticahle to submit proof to ali the widely 
separated authors. Resident s of Hawaii and members of the 
staff of Scripps Jnstitution have had opportunity to see their 
contributions in the galley forni. Proofs of the preliminarv 
pamphlets fpp, 1-46 of Part J) were read by Miss Olga 
Smith and Arthur L. Dean. Proofs of the reinaining pages 
were read hv Miss Bertlia Metzger and by Herbert E. Gregory. 
and also, for their respcctive branchcs of Science, hy Ralph 
Linton. ethnologist: H, F. llergman. botariist: C. H. Edmoiid- 
son. zoologist; T. A. Taggar, Jr., volcanologist; Arnold Rom- 
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berg, seismologist; Lawrence Daingerfield, metcorokigjst; H. 
S. Palmer, geologist. Proof of the sections on Methods of 
Cooperation and Training of Scientists and Addresses of Wel- 
come were read by Arthur L. Dean, It is hopcd that this 
procedit re has resulted in no serious errors in statement or 
context. 

The tities of the delegatos lia ve been publisbed in the list 
on pages 22 to 26 and are not repeated clsewhcre: the tities 
of non-delegates are printed where tbeir names oectir. 

It has been found desirabie to issue the Proceedings in 
iliree volnmes bouml as Part I, containing the Introdnction and 
pages 1 to 308: and Part II, containing pages 309 to 636; 
and Part III, containing pages 637 to 949. With the title 
"First Pati-Pacific Scientific Conference; Qr ganizat ion. Pro- 
ceedings, Resolutioris," pages t to 46 of Part 1 w ere separately 
issued as a pamphlet in November, 1920. 

The Committee regrets its tnability to publtsh these Pro- 

ccedings at an earlier date. The fact that the rnembers have 

been widely separated and have been obliged to rely upon 
eorrespondence to a considerable degree lias dclayed their work, 
a delay which was i nc rea sed becanse of the necessity for cor- 
respondence and interchange of manu Scripts with delegates re¬ 
sidi ng in different countries. It has been the belief of the 

Committee that the importance of the work of the Conference 

j tistified a comprehensive treatrnent of manv important topics 
and the inclusion of papers from sources outside the Confer- 
encc itself. It is betieved that these Proceedings are funda¬ 
menta] and de fine the prohlems of the Pacific, hotli in respcct 
to what is already known and to the program for the future. 
The thanks of the Committee and of all who are interested in 
scientific work in the Pacific are due to those contributors 
who were not ab!e to be present at the Conference, as wcll 
as to all who have assi st e d in the work of publientiort. 
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Secretary, C. H. Edmondson, Professor of ZooJogy, Uni- 
versity of HawaJi. 

Botany 

Ixader, W, E. Safford, Economic Botanist. United States 
Department of Agriculture. 
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Secretary, Charles N. Forbes, Curator of Botany, Bishop 
Museum; Mrs. Forest B. H. Brown, Research Associate 
in Botany, Bernice P. Bishop Museum, Honolulu, 

EntomoloCy 

Leader. F. Muir, Entomologist, Hawaiian Sugar Planter» 
Associat ion, 

Secretary, D. T, Fullaivay, Entomologist, Eoard of Agricul¬ 
tore and Forestry, Territory of Hawati. 

Geocraphy 

Leader, William Bowie, Chief Division of Geodcsy, United 
States Coast and Geodetic Survey. 

Secretary. G. W. Littlehales, Geographer, U, S. Bureau of 
Navigation, 

Suh-Sections; Geodesy and Topography, N, Yamasaki, 
Chairman; Terrestriai Magnetism, J, T. Watkins, 
Chairman; Mcteorology, L* H. Daingerfield, Chair- 
man; Ptiysical Oceanography, G. F. McEwen, Chair¬ 
man, 

GeoloCy 

Leader, T. Wavland Yaughan, United States Geological 
Survey. 

Secretary, Harold S. Palmer, Assistant Professor of Geol- 
ogy, University of Hawaii. 

Sf.ismology and Voucanology 

Leader. Fmakiclii Ornori, Director, Seismological Institute, 
Tokyo. Japan. 

Secretary, T. A. jaggar, Jr., Director, Hawaiian Volcano 
Research Observatory. 


Digitized by 


Google 


Original from 

HARVARD UNIVERStTY 




Digitized by 



Qriginal from 

HARVARD UNIVERSfTY 



Digitized by 


Google 


0 ri gi na I from 

HARVARD UNIVERSITY 



PROCEED1NGS OF THE GENERAL SESSIONS 


MONDAY, AUGUST 2, g ;oo a. m. 

Chairman; Herbert E. Gregory, 

ADDRESSES OF WeLCOME. 

Hon. C. J, McCarthy, Governor of Hawaii, 

Hon. Gcorge R, Carter, ex-Governor of Hawaii. 

A. L, Dean, President, University of Hawaii. 

H. P. Agee, Director, Experiment Stati on of the Hawaii an 
Sugar Plantcrs' Associat ion* 

A* F, Judd, President, Board of Trustees, Bernice Panahi 
Bishop Museum. 

Ador esses os Salient Features of Science in Hawaii. 

William T. Brigham : Anthropology. 

Charfes N. Forbcs: Botany. 

Otto H. Swezey: Entomology. 

H. A. Pilsbry: Conchology, 

Read bv Title. 

Charles H, Edmondson: Marine Biology. 

Lawrence H. Daingerfield: Meteorology. 

T. A. Jaggar: Volcanology, 

MONDAY, AUGUST 2, 2:00 p. m. 

Chairmati: Herbert E. Gregory. 

ORGANI.ZATION OF THE CONFERENCE, 

Foilowing preliminary statements regaxding the pians for 
entertainment and tbe trip to Hawaii, tbe Chairman opened the 
subject of tbe organization of the Conference. It was 

Voted: Tbat the Chairman, Vice-Chairman, and the Lead- 
ers of tbe Sections constitute an executive and program com- 
mittee. 

[5] 
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TUESDAY, AUGUST 3» 9:00 a. m. 

Chairman: C. M. Fraser- 

Subject: Ocean Currents and Tbeir Significance. 

George F. McEwen: The Pacific Ocean and Its Impor- 
tance to Pacific Countries. 

G, W. Littlehales: The Hydro graphic Aspects of Ocean 
Currents. 

N. Yamasaki; Oceanographic Research in Japan, 

Lawrence H. Daingerfield: Meteorological Aspects of 
Ocean Currents. 

R. A. Daly, of Harvard University: Some' Suggestiom for 
Geologital Research in the Pacific Islands. {Read by the Sec- 
retary.) 

R. C, Wells: Chemistry of Natural Waters, 

H. S. Washington: Relations of Geological Change to 
Ocean Currents. 

Wm. Bowie: Influence of Isostas-v on Ocean Currents. 

M 

J, T. Watkins: Inshore Currents. 


WEDNESDAY, AUGUST 4, 

No general sessions. The delegates made the trip around 
the island of Oahu with informal addresses at points of interest. 

TIIURSDAY, AUGUST 5, 9:00 a. m. 

Chairman : Joseph A. Cushman. 

Subject: Hawaiian Flora and Fauna. 

Forest B. H. Brown: The Origin of Hawaiian Flora* 

F* Muir: The Origin of the Hawaiian Flora and Fauna. 

H. A. Pilsbry: The Dispersal and Affinitics of Polynesian 
Land Snail Faunas. 

W. A. Bryan: Origin of Hawaiian Flora and Fauna. 
Discussion by: Alfred G. Mayor, William E. Safford, Paul 
Bartsch, H. A. Pilsbry. 

FRIDAY, AUGUST 6, 9:00 a. ni. 

Chairman: F. Wood-Jones. 

Subject: Race Relations in the Pacific, 

H. E. Gregory: The Dominick Ex pedit ion. 
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A. G. Mayor: Similarity Between Japanese and Polyne- 
siaiis. 

A. F. Judd: Scarcity of Proper Wall Maps and Teachers. 
Familtar VVith Geography of Pacific Lands. 

Clark Wissler: Man in the Pacific. 

A. L. Krocher: Anthropology of the Philjppmes. 

L. R. Sullivan: Physical Anthropology Ln Polyncsia. 

Alfred Tozzer: Antbropological Study of the Hawaiian 
Race. 

J. F* G* Stokes: Religious Signi ficance of Polynesian 
Feather Work. 

T. G, Thrum: Hawaiian Archaeology—Temple Structure. 

Discussion by: W. E, Safford, Chas. Hedley, A. G. Mayor, 
Forest Brown. 

SATURDAY, AUGUST y, 9 :oo a. m. 

Chairman: Leo A. Cotton, 

Subject: Relatioti of Ocean Currents to Marine Organistns. 

Paul Bartfcch: Occan Currents, the Prime Factor iti the 
Distribution of Marine Mollusks on the W r est Coast of America. 

H. F. Moorc: Relation of Ocean Currents to Fish. 

T* C Frye: Ocean Currents and the Problem of More 

Food for Man. 

Wm. E. Safford: Dispersal of Plants by Ocean Currents. 

Discussion by: H. A, Pilsbry, G. F. MeEwen, T, Wayland 
Vaughan, Charles Hedley, G. W. Littlchales, A. G. Mayor, 
Charles Chilton, C. M. Fraser. 

AUGUST 8 to AUGUST n 

The delegates visited the Islalnd of Hawaii, dcvoting spe- 
cial attention to the crater of Kilauea. 

SATURDAY, AUGUST 14, 9:00 a. m. 

Chairman: T„ Wayland Vaughan. 

Subject: The Framework of the Pacific, 

E. C. Andrews: The Stmctural Unity of the Suboceanic 
Mass of the Pacific Ocean, 

R„ T. Chamberlin: Framework of the Pacific and Its Re¬ 
lation to the Americas. 
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F. Omori: Geographic Distribution of Vokanoes in the 
Pacific. 

Wm. Bowie: The Bearing of Geodetic Investigation on the 
Knowledge of the Geologic Structore of the Pacific, 

Discussion hy: H. S. Washington, C. A. Sussmilch, T. A. 
Jaggar, W. D, Smith, L. A. Cotton, Wm. Bowie, R, C. Wells, 


MONDAY, AUGUST 16, 9:00 a. m. 

Chairman: J. Allan Thomson. 

Subject: Mapping of the Pacific. 

W'illiatn Bowie: Shore Lines of the Pacific. 

G. R, Davis: Coast and Island Topography. 

T. Wayland Vaugltan: Sedimcntatiou and Bottom Configit’ 
ration. 

George F. McEwen: Recommcndations Conceming Inves- 

tigatiom of the Pacific Ocean Waters. 

G. W. Littlehales: The Deeps of the Pacific Ocean. 

N„ Yamasaki: Tslands of the South Pacific. 

J. T, Watkins: The Survey of the Shoreline and Coastal 
Waters of the Pacific Ocean. 

E. A. Beals; The Importance for Weather Forecasting of 
a Thorough Knowledge of the Pacific. 

Discussion hy: IT. F. Moore, Paul Bartsch, H. C. Kichards, 
L. A. Cotton, C. M. Fraser, J. Allan Thomson, A. G, Mayor, 
T. Waylanii Vaughan, R, C. Wells. 

TU ES DA Y, AUGUST 17, 9:00 a. m. 

Chairman; Elmer D, Merrill. 

Subject: Presentation by Sections of Programs of Re¬ 
search. 

The Leaders reported the resolutions recommcnded by their 
Sections. 

Clark Wissler: For the Section of Anthropologv, 

C. M. Fraser: For the Section of Biology, 

Wm. E. Safford: For the Section of Botany. 

Wm, Ikiwie: For the Section of Geography, 

T. Wayland Vaughan: For the Section of Geology, 

T. A. Jaggar, Jr.: For the Section of Seismology and Vol- 
canology. 

Following the discussion of the resolutions it was 
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Voted: To print the proposed resolutions and distribute 
copies among the delegates for their study. 

Voted; To refer the proposed resolutioris to the Publica- 
tion Committee for revision with instructioris to report back to 
the genera! session of the Conference to be held August 20. 


WEDNESDAY, AUGUST i8, 9:00 a. m. 

Chairinan: N, Yamasaki. 

Subjeci: Trainingof Scientists for Pacific Work. 

Addresses by: A. L. Dean, Wm. Bowie, H. C, Richards, 
W. E. Safford, A. F. Judd, E, C* Andrews, B r W. Evermann, 
Paul Bartsch, Chas. Chilton, H. E. Gregory, Josephine Tilden, 
L. A. Cotton, C. M. Fraser, T. W. Vaughan. 

THURSDAY, AUGUST 19, 9:00 a. m, 

Chairman; C. A. Sussmilch. 

Subject: Means and Methods of Cooperation. 

The following ddegates addressed the conference in be- 
half of the several mstitutions reprcsented by them. 

H. C. Richards: The University.of Queensland. 

Barton W. Evermann: The Califomia Academy of Sciences. 

J. Allan Thomson: The Government of New Zealand, In- 
stitutions of New Zealand and Individua! Scientists. 

C. M. Fraser: The Biologica! Station, Nanaimo, B. C, 

Charles Hedley: The AustTalian Museum, Sydney. 

John B. Henderson: The United States National Museum. 

K. Kishinouye: Japan. 

George F. McEwen: The Scripps Institution for Biologica! 
Research, of the University of Califomia. 

William E. Ritter: (Read by G, F, McEwett) — The Role 
of the Scripps Institution in a Program of Pacific Exploration. 

A. F. Judd: The Bernice P, Bishop Museum. 

H. A. Pilsbry: The Philadelphia Academy of Sciences. 

Elmer D. Merrill: The Philippine Bureau of Science, 

E. O. Hovey: The American Museum of Natural History. 

William E. Safford: The United States Department of 
Agriculture. 

Charles Chilton: Canterbury College* ChHstchurch, N. Z. 

H. F. Moore: The United States Bureau of Fisheries, 
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T. C. Frye: The Fuget Sound Biological Statiori of the 
Univcrsity of Washington. 

Josephine Tilden: Inland Universities. 

FRIDAY, AUGUST 20, 9:00 a. m. 

Chainnan: A. L. Dean. 

Subject: Adoption of Resolutions. 

Resolutions were presented by; 

F. Wood-Jones on Anthropology, 

Charles Chilton on Biology, 

\V. E. Safford on Botany, 

W i Iliam Bowie on Geography, 

T. Wayland Vaugban on Geology, 

T. A. Jaggar, Jr., on Seismology and Volcanology. 
General Resolutions were presented by: 

H. E. Gregory on Ships for Exploration, 

William Bowie on the International Research Conncil, 

H. E. Gregory on Future Conferentes. 

H. E. Gregory on Permanent Organization, 

A. L. Dean on Fromotion of Education. 

The resolutions as adopted are printed clsewhere. 

H. S. Washington presented a resolution thanking the iiisti- 
tutions and individuals in Hawaii whose cooperation and hospi- 
tality had contributed to the success of the Conference and the 
pleasure of the Delegatas. 

It was voted to request the Bishop Museum to preserve the 
records of the Conference, to publish and distribute tbe re- 
ports, papers and proceedings, and to act as representative of 
the memhers of the Conference after its adjournment. 

It was voted that the Delegates from each country repre- 
sented at the Conference elect one of their mimber to serve on 
a committee to arrange for future Conferences. The following 
were selectcd to serve with Herbert H. Gregory: E* C. Andrews, 
Australia; C. M. Fraser, Canada; F. Omori, Japan; Charles 
Chilton, New Zealand: T. Wayland Vatighan, United States. 
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PROCEEDlNGS OF THE SECTIONS. 


SFCTIQN OF ANTHROPOLOGY. 

Monday, August z . 

The Section was organized with Clark Wissler, Leader, 
and J T F. G. Stokes Secretary. The work of the Section was 
outlined. 

Tuesday, August 3. 

On pians for ati extended exploratiori of the Pacific, and 
on the characteri st ics of the Hawaiians in 1864-5. William 
T. Brigham. 

Thursday, August 5. 

Report of the Archaeological Committee, presented by J. 
F. G. Stokes. 

Report of the Committee on Linguistics, presented by 
A. L. Kroeber. 

Friday, August 6. 

Hawaiian Temples* Thornas G* Thrum. Read by Gerard 
Fowke. 

Anthropology of Formosa. N. Yamasaki. 

Kitchen Middens of Japan. K. Kis-hinouye. 

Anthropology in Australia. F. Wood-Jones, 

Tnfluence of Inseets on Race Dbtribution. F. Ntuir 

Monday, August 16. 

Notes or the Migrations and Dispersals of the ' Polyne- 
sians.. J. F. G. Stokes. 

Alleged Similarity of Fortified Villages in New Zealand 
and Fiji. J. AUan Thomson. 

Committee appointed to formulate a statement rcgarding 
the value of records of early Spanish and Whaling Voyages. 

Tuesday, August ij, 

Report of Committee on Spanish and Whaling Voyages, 
presented by F. Wood-Jones. 
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Letter from Charles B. Davenport on the "Type Unit” 
Method at investigati on. 

Letter from David Fairchild of the American Genetic 
Association on the subject of heredity. 

Consideration of resolutioris to be presented to the general 
sessions of the Conference. 

Suggestions on boUtiical method s caleniated to be of 
ethno-botanical value. Miss Josephine Tilden. Read by the 
Chairman. 


SECTION OF BIQLOGY, 

Monday, August 2* 

Section organized with Charles Chilton, Leader, and 
C. H, Edmondson, Secretary. The program of work for the 
Section was outlined. 


Tuesday, August 3. 

Discttssion of the distribution of animals in the Pacific. 

Joseph A. Cushman: Distribution of Foraminifera. 

Paul Bartsch, John B. Henderson, and Henry A. Pilsbry: 
Distribution of Mollusca.. 

Charles Chilton: Distribution of Amphipods and Isopods. 

F« Muir and O. H. Swezey: Distribution of Insects. 

Charles H. Edmondson: Shallow Water Crustacea. 

K. Kishinouye: Relationships of the Fauna of Japanese 
Waters. 

C. M. Fraser: Distribution of Hydroids. 

T. Wayland Vaughan: Distribution of Corals. 

The general conclusion was that the weight of evidence 
supports a closer relationship with Indo-Pacific forms than 
with those of American shores* 

Thursday, August 5. 

Illustrated lecture* New Zcalamls Call to the Botanist, by 
Charles Chilton. 

Friday, August 6. 

Joint meeting with Section of Geology. For program see 
report of Geology Section. 
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Saturday, August 14, 

The Fisheries <>i japan. K. Kishinouye, 

Ocean Pastorale and Ocean Fisheries, a paper sent to the 
Conference by W. E. Allen of the Scripps Institutio» for Biolog- 
ical Research of the University of California. 

The Necessity for Conservation of Fish Resources, Rar* 
ton W. Evermann. 

Further Data Showing the Necessity for Conservation of 
the Fish Supply. C. M. Fraser, 

The Present Inadequacy of Statistics of Fisheries. H. F, 
Moorc. 

Monday, August 16. 

Toint Meeting of the Sections of Botany and Zoology de- 
voted to discussion of Biological Statioris and other Scientific 
Institutions bordering the Pacific. 

The Biological Station, Nanainio, Rritish Cohimbia. C. M. 
Frastfr. 

The Biological Station, Friday Harbor. T. C. Frye. 

The Biological Station of Minnesota. Miss Josephine E. 
Tilden. 

The Biological Station of California, and the Work of the 
Fish and Game Commlssion, Barton W. Evermann. 

Biological Station in Australia. Chas. Hedtey. 

The Work of the National Museum. Paul Bartsch. 

The Work of the Boston Society of Natural History. 
Joseph E. Cushman. 

The work of the Natural History Society of Philadelphia. 
H. A. Pilsbry. 

Biological Work in Japan. K, Kishinonye. 

The Work of the Philippme Bureau of Science, Elmer D. 
Merrill. 

The W T ork in Entomology in Honolulu. O. H. Swezey. 

The Biological Station of the University of Hawaii. C. H. 
Edmondson. 

The Bureau of Fisheries, H, F, Moore. 

The Biological Station of New Zealand. Charles Chilton. 
Considcration of resolutions to be presented to the generat 
Conference. 
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Tuesday, August 18. 

Experimens on the Crowth of Reef Organisms. Fratik 
Potts. 

Discussion of the effect of temperature on the size of marine 
organisms, participated in by C. M. Fraser, H. F. Moore, C. H. 
Edmondson, B. W. Evermann, Paul Bartsch. 

Breeding Experiments. Paul Bartsch, 

Presentation of proposed program of research in Pacific 
Ocean Algae by Miss Josephine E. Tilden. 

Wednesday, August 19, 

Discussion of resolutions to be presented to the general 
Conference. 


SECTION OF BOTANY. 

Monday, August 2. 

Section Qrgamzed with William E. Safford, Leader, and 
C. N. Forbes, Secretary, The work of tlie Section was outlined. 

Ethao-Botany of the Folynesians. William E. Safford. 

Tuesday, August 3. 

The American Element in Hawaiian \ r egetation. Forest 
B, H. Brown. 

Cultivated Plants of the Pacific Islands as an Index to the 
Migrations of the Polynesians. W. E. Safford. 

Thutsday, August 5. 

Joint mcetmg of the Sections of Botany and Zoology. 

New Zealands Call to the Botanist, an illustrated lecture 
by Charles Chilton. 

Friday, August 6. 

The Tapestry Forcsts of the Island of Oahu, Vaughan 
MacCaughey. 

Saturday, August 14. 

Owing to the death of Charles N. Forbes, Mrs. Forest 
Brown was appointed secretary. 

Some Problems in Piant Physiology and Ecology in Ha- 
waii. H, F. Bergman. 

The Field Label in Botany. Elmer D. Merrill, 
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Monday, August 16. 

Joint meeting of the Section of Eotany witli thc Section of 
Biology, For program see “Sectioti of Biology.” 

Wednesday, August 18. 

The Fbra and Pbytogeography of Japan and Adjoining 
Regio ns, K. Shibata. 

Notes on the Algae of the Northwest Cdast. T. C. Frye. 
The Medicinal Planta of the Philippines. Leon M, Guer- 

rcro. 


SECTION OF ENTOMQLOGY. 

Wednesday, August 4. 

Section orgatiizetl with F. Muir, Leader, and D. T, Fulla- 
way, Secretary. 

Assignment of topics to members of the Section. 

Tuesday, August 17. 

Some Problems in Hawaii an Entomology. F. Muir. 

Need of Further Exploration and Study of the Hawaiian 
Insect Fauna and Value of Such Study in the Exploration of 
the Pacific. O. H. Swezey. 

Some Aspects of Economic Entomology in Hawaii. D. T. 
Fullaway, 

What Horticultural Inspection Has Done and Can Do for 
Hawaii. E. M. Ehrhorn. 

Ideas on How an Entomological Expedition Should be 
Conducted. F. X. Williams. 

Medical Entomology. D. L. Crawford, 

Discussion on the necessity for further entomological ex¬ 
ploration in the Pacific area. 


SECTION OF GEOGRAPHY. 

Monday, August 2. 

Section organizcd with William Rowie. Leader, and 
G. W. Littlehales, Secretary. The work of the Section was 
outlined. 
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Tuesday, August 3. 

Observations of Temperature and Salinity at Selected 
Coastal Stations in Japan; accompanied by an index-chart shgw- 
ing the locat ion and extent of regularly observed hydrographical 
sections on th.e coast of Japan. K, Kishinonye. 

The Desirability of Supplying Information in Greater Detail 
Upon Sea Charis. X. Yamasaki. 

The Extent to which the Contours of Configurat ion of the 
Basin of the Pacific Ocean ha ve been Made Knowti by Deep-sea 
Soimdings; includtng an account of mcthods of decp-sea sound- 
ings, and of the mathematical invesfigations which have been 
made to define the theoretical form of isolated submarine peaks, 
and the intervals which should obtain between deep-sea sound- 
ings to disclose the topography of the bottom of the ocean. 
G. W. Littlehales. 

Tbe In vestigat ion s in Physical Oceatiography of the Scripps 
Institution of the University of California. George F. McEwen* 

Thursday, August 5. 

The Growth and Present Extent of Ocean Magnetic Sur- 
veys f with an account of the investigations in T^frestrial Mag- 
nctism by American Institutions. J. T. Watkins. 

The Purposes, Instruments and Meth-ods of the Hawaiian 
Magnetic Observato ry, with Its Records and Publkations. Har- 
old McComb. 

On the Atmospheric Etectricity of the Hawaiian Tslands. 
Lawrence H* Daingerfield. 

Friday, August 6. 

Meteorological Centers of Aetion in the North Pacific 
Ocean, E. A, Beals. 

Researcbes in the Gcodetic Work of the Pacific. William 
Eowie. 


Saturday, August 14. 

Extent of Geographical Survcys in the Hawaiian Islands. 
Gcorg-c R. Davis, 

Monday, August 16. 

Low-Sun Fhenomcna in Luzon. Willard J. Fisher. 

Tropica! Geology and Engineering. Warren D. Smith. 


Digitized 


byGOugIe 


Qriginal Iram 

HARVARD UNIVERSfTY 



1? 


PrOCEEUINTjS 


Tviesday, Angust 17. 

Consideratiori of rcsolutions to be prescnted to tlie gciieral 
sepiolis of the Conference. 

Wednesday, August 18. 

Considerat ion of resolutions to be presented to the genera! 
sessions of the Conference. 


SECTION OF GEOLOGY. 

Monday, August 2. 

T. Wayland Vaughati was selected Leader of the 
Section. The Chariman outlined the work before the Section 
and a Tentative program was arrangecl 

Tuesday, August 3. 

Harohl S. Palmer was appointed Secretary of the Section. 
Presentation of formal papers was postponet! until the arrival 
of the delegatos froin the south and west- 

Thursday, August 5. 

The Structtiral Framework of the Pacific. E. C. Andrews. 
The Melanesian Plateau, with Especial Reference to the 
Land Shell Fauna. Charles Hedlcy. 

Salient Features of the Geologic Structure of the Phitip- 
pine and Neighboring Tslands. Warren D. Smitli. 

The Essetitial Structtiral Features of Japan. N. Yamasaki. 

The Relation of Gravimetric Surveys to the Framework of 
the Pacific Region. Wiiliam Rowie 

The Structure of the Cordilleras of Nortli and South 
America. Rollin T. Chamherlin. 

The Structure of the Caribbean Region. T. Wayland 
Vaughan. 

) Letters froni Professor Pailcy Willis of Stanford Um- 

versity and Dr. Alfred H. lirooks of tlie L", S. Geological Sur* 
vey were read, 

Friday, August 6. 

The Casis of the Correlation of the Tertiary and Quater- 
nary Geologic Formations of the Pacific Islands. T. Wayland 
Yaugh an. 
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Correlation of the Tertiary of Australia and Adjoining Re- 
gions. C. A, Sussmilch. 

Correlation of the Geologic Fomiations of Australia. E, C. 
Andrews. 

The Strati graphy of the Philippi ne Islands. Warren D, 
Smith. 

The Fossit and Existing Foramini fera of the Atlantic and 
Pacific Regions. Joseph A. Cushman. 

The distribution of the molluscan tau na was discussed by 
H r A. Pilsbry, and that of the Foraminifera by T. W. Vaughan. 

Saturday, August 14. 

Ceodetic Research in the Pacific Region. William Rowie: 
listened to jointly by the Sections of Geology and Geography, 

The Status of Areal Geologic Mapping in the Pacific Re¬ 
gion was discussed by T. Wayland Vaughan for the Americas: 
by J. ALlan Thomson for New Zealand; by E, C. Andrews for 
New South Wales and the outer islands; by H. C. Richards for 
the rest of Australia; and by N, Vamasaki for Japan, Korea 
and China. 

It was proposed to summarize the progress in the Pacific 
region by a series of key maps. The work was divided as fol- 
lows: 

New Zealand.j. Allan Thomson 

Australia....E. C. Andrews 

The Fhilippines......W. D. Smith 

Japan, Korea and China...N. Yamasaki 

North and South America and Dutch East 

Indies.......T. Wayland Vaughan 

Antartica..L. A. Cotton 


Monday, August 16. 

Indurated Glacia! Clays from Australia. C. A. Sussmilch. 

The Status of Areal Geologic Mapping in the Philippines. 
W r arren D. Smith. 

A letter from Dr, Alfred H. Brooks pointiug out the need 
of work on the correlation of Alaskan areal stratigraphy with 
that of eastern Siberia and north Western Canada was read. 

Consideration of resolutions to be presented to the general 
sessions of the Conference. 
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Tuesday, August 17. 

The Glaeiation of the Mountains in Japan. N. Yamasaki. 
Disctission of Glaciation by T. Wayland Vaughan, Rollin 
T, Chamberlin, C, A. Sussmilch, E. C. Andrews, T. A, Jaggar, Jr., 
Alfred G. Mayor, Paul Bartsch and W, Alanson Bryan. 

The Great Barrier Reef and the Reefs of Fiji. E, C, 

Andrews. 

Coral Reefs ori Tutuila. Rollin T. Chamberlin. 

The Fcology of the Reef Corals of Tutuib, Alfred G. 

Mavor. 

■» 

Chemical Investigat ion s Relating to Corals. Roger C. Wells. 
Theories of the Formation of Coral Reefs, T. Wayland 
Vaughan. 

Wednesday, August ]8. 

Possible Deformation Resulting from Slight Wanderings of 
the Pole, L. A. Cotton. 

Consi der ation of resolutions for presentation to the general 
sessions of the Conference. 

Thursday, August 19. 

Joint meeting with the Scction of VoLcatiology and Seis- 
mology. 

Earthquake Frequency with Special Reference to Tidal 
Stresses in the Lithosphere. L, A* Cotton. 

Pit Craters and the Persistence of Vents, Henry S. Wash¬ 
ington. 

The Chairman of the Section of Geology made the follow- 
ing assignments: 

Country Geologic Mapping 

New Zealand J. Allan Thomson 

Australia E. C. Andrews 

China, Korea, Japan N. Yamasaki 
North and South T. W. Vaughan 
Ame rica 

Dutch East Indies T. W. Vaughan 
Philippine Islands Warren D. Smith 

The work of the Committee on Sedimentation of the Di- 
vision of Geology and Geography of the United States National 
Research Council. T. Wayland Vaughan, 


J, Allan Thomson 
H. C. Richards 
N r . Yamasaki 
T. W, Vaughan 

T, W. Vaughan 
Warren D. Smith 
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SECTION OF SErSMOLOGY AND VOLCANOEOGY 

Monday, Augtist 2, 

Section organized with F. Omori, Leader, and T. A. 
jaggar, Jr., Secretary. The work of the section was outlmed. 

The Growth of the Work of the Hawaiian Voicano Re¬ 
search Association. L. A. Thurston. 

The Organization of the International Research Coundl. 
H. S. Washington. 

Tucsday, August 3. 

Pulsatory Oscillatiotis. F. Omori. 

The Present Status of the Seismological Work in the Pa¬ 
cific, a paper sent to the Conference by Otto Klotz, of the 
Dominion Observatory, Ottawa, Canada, and read by the Sec¬ 
retary. 

Extract from a letter by Harry Fielding Reid of Johns 
Hopkjns Univer.sity, dealing with seismology in the Pacific. 


Thursday, Augtist 5* 


Voicano Types and the Chemistry of Magma, 
ington. 


Friday, August 6. 


H. S. Wash- 


Ilawaiian Earthquakes. T. A, Jaggar, Jr. 

Tectonic Controls in the Case of Volcanic Earthquakes. H. 
O, Wood. 

Volcanic Tremors and Volcanic Earthqnakes. F. Omori, 


Monday, August 9* 

Volcatio Ifouse, Hawaii.. 

The Yolcanoes of the Pacific, H, S. Washington. 

Tucsclay, August 10. 

Voicano House, Ifawaii. 

A Program of Experimental Volcanology. T. A. Jaggar, Jr, 
Earthquake Zones in and Aronnd the Pacific. F. Omori. 
Rcgtonal Scismology vs, W r orld Scismology, H, O. Wood. 


Saturday, August 14. 

Joint meeting with the Section of Geography. For pro- 
gram sec report of the Section of Geography. 
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Sunday, August 15. 

Discussion of the resohitions to be presented to the genera! 
Conferente. 

Monday, August 16. 

T<e]xirt of the Section of Y r o1canology of the American 
Ceophysical Union, II. S. Washington, 

Tuesday, Aitgust 17. 

Discus si 011 and Drafting of Resolutions, 

Wednesday, August 18, 

Joint meeting with the section of Geology; for program 
see report of that Section, 

Thursday, August ig. 

Joint meeting with the Section of Geology; for program see 
report of that Section. 

The joint meeting was followcd bv a sessioti of the Section 
of Sei sino Logy and Yolcanology in wliich tlie following papors 
«ere presented. 

Seismical Phettamena at Satnoa. G. Angenheister; read by 
Arnokl Romberg. 

Historical Statement of the Growth of Scismology in tlie 
Philippines. M, S, Maso. 

Friday, August 20. 

Kxhibition of records made with a special duplex pendu¬ 
lum, and maps of soundings in Kagoshima Bay before and after 
erupti oti of Sakurajjma, F. Omori. 

Notes on Seismic Triangulation with Instruments of more 
than one Magnificat ion for Regional Seisuiometry. II. O. Woocl. 
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1. GENERAL RESOLUTIONS. 

i. FUTURE CONFERENCES. 

Since the present Conference has been found highly inspir- 
ing and illuminating and an invaluable atd in definitig the essen- 
tial problems o£ the Pacific Rcgion, be it 

RESOLVED, That future similar conferences should be held 
at intervals of not over three years. 

2. PERMANENT ORGANIZATION. 

The rcsults of the First Pan-Pacific Conference have dem- 
onstrated the high value of meetings for the discussion of prob- 
lems eommon to all countries whose interests lie wholly or in 
part within the Pacific area; and have shown that the problems 
relati ng to the welfare of Pacific peoples are too large and too 
complex to be solved satisfactorily except by sympathetic coop- 
eration of individual i nsti tutioris and governmental agencies. To 
develop a unity of interest and to inake harmonicus coordination 
practicable, it seems desirable that some permanent organization 
be establishcd which may serve as the point o£ contact for repre- 
sentatives of various interests in the countries of the Pacific. Be 
it therefore 

RESOLVED, That the attentiori of the Governor of Hawau 
be called to the great opportumty afforded by an organization 
designed for the advancement of the common interests of the 
Pacific, includitig scientific research, and to the desirability of 
taking action which may lead to the development of such an or¬ 
ganization vouched for and supported by the various Pacific 
countries. 

3. INTERNATIONAL RESEARCH COUNCIL. J 

Since this Conference commends the organization of the In¬ 
ternational Research Council as a means toward coordinating re¬ 
search in Science, be it 

RESOLVED, That it is the desire of thi$ Conference tliat 
any agency created for the guidance of scientific research and ex¬ 
ploratiori in the Pacific region may be affiliated with the Council 
and with the various National Research Councils of the nations 
of the Pacific. 


[27] 
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4, SHIPS FOR EX PLORATIO X. 

The cost of scientific researches in the Pacific which involve 
the continuous use of a ship is pnohibitive for most scientific in- 
stitutions and individuals. The results of the Challenger and the 
Wilkes expeditioris have demonstrated the great advantage gained 
by the use of government-owned ships for scientific exploration. 
Be it therefore 

RESOLVED, That the members of this Confcrence unite 
in inviting tlie attention of govemments to the desirability of 
providing vessels for suitably planned expeditions. 

5. PROMOTION OF EDUCATIOX. 

The results of scientific research have led to extefisions of 
human knowledge and to increased control of the forces and re- 
sources of nature the values of which cannot he measured. All 
scientific work which is well done is of value, and no man can 
predict to what useful purposes the results of any investigation, 
no matter how recondite, may be put. It is of fundamental itn- 
portance that sufficient numbers of young mcn and wornen of first 
class ability shall be adequately trained, and that teachers and 
investigators shall be properly compensated. This Conference 
therefore 

RECOMMEXDS: 

(a) That in order that young nien mav euter upon scientific 
carcers without sacrificiug all hope of reasonable financial re- 
turns, the compensation for in struet ion and for research in Sci¬ 
ence be increased so that all can at least be assured of a comfort- 
able living for themselves and their fatnilies, and that men of ex- 
ceptional attainments may receive financial rewards which shall 
approximate those which their powers could command if directed 
10 commercial ends. 

(b) That persistent eflforts be made to inform the public of 
the progress of Science and of its bearings upon the practical af- 
fairs of life, 

(c) That to cnlargc the expericnce and vision of the in- 
structors in the colleges and tiniversities of the Pacific countries, 
making them thereby more competent and inspiring teachers, the 
exchange of teachers between unstitutions in different countries be 
eucouraged and made possible, 

(d) Tliat a dearing hoitseof in formatio n relative to oppor- 
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tunities for scierttific study and research in the Pacific area be 
established, 

(el That arrangcments be pcrfected between the universi- 
ties antl other research institutione whereby properly quali fied stu* 
dents may move from institution to institution carrying on their 
work at tbe place or places where the best facititics are avatlable 
for the speciat kind of work upon which each may be engaged, 

(f) That a considcrable number of fellowships, with ade- 
qnate stipends, be provided, which shall be looked upon as com¬ 
pensat ion for tbe faithful pcrformance of scieutific work, and that 
especially able work by young investigators be rewarded by sub- 
stantial prizes. 

(g) That to stimulate interest in the Pacific and inculcate a 
knowledge of its importance and unity, text books be pre- 
pared in which proper emphasis will be placed upon the Pacific 
area, its physica! features, peoples. fauna, flora, resources, and 
trade, and that the schools in Pacific countries be encouraged to 
give instruction wbich will stimulate the interest and enthusiasm 
of young students in the objects and phenometia of their environ- 
ment. 


II. ANTHROPOLOGY. 

i. NEED FOR POLYNESIAN RESEARCH, 

Recognizing the necessity for the immediate prosecution of 
anthropologica 1 research in Polynesia, this Conferente calls the 
attention of governments, patrons of research, and research 
fo undat ion s to this important scieutific need, and 

R ECO M M E N DS, That the most prompt and efficient steps 
be taken to record the data necessary to tbe u ud er st and mg of 
rnans development in the Pacific area. 

2. FACI LITI ES FOR INSTRUCTION AND RESEARCH 

IN ANTHROPOLOGY. 

Since there is urgent need both for anthropological research 
and the training of men and women therefor, and since experi- 
ence has shown the advantage of close associatbn between the 
graduate departments of uni versit ies and persons and institutions 
carrying on anthropological in vestigat ion s, this Conference 
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RECOMMENDS, That eenters be created for the studv of 

anthropology and original research thcrein, stich centers to be 
developed by the expansion of university departments or the 
alliance of universities with other research institutions with the 
resuit that these schools of anthropology shall combine all the 
essential features of a museum, a research stiff, and a graduate 
school, And, further, because of the peculiar conditions under 
which anthropological data must be gathered, necessitatjng both 
intensive field work in circumscribed areas extending over severa! 
years, and intensive synthetic work by men who are masters in 
many fields, thus requiring a number of men through a period of 
years, we therefore recommcnd the establisbment of research fel- 
lowships in Polynesian anthropology, such endowments being pro- 
vided that these fellowships will attract the bcst men available 
and provide for uninterrupted work during an adequate number 
of years, 

3* THE BAYARD DOMINICK EXPEDITION. 

It is evident that fuller knowledge of the history and culture 
of the Polynesian race is essential to the solution of the ethno- 
logic problems of the Pacific; and also that the opportunities for 
obtaining Information are rapidly disappearing. It is therefore 
grati fying to leam that Mr. Bayard Dominick has conceived a 
plan for ethnological studies in the Pacific on a scale not hitherto 
attempted and has provided funds for the initiation of this re¬ 
search under the guidance of Yale University and the Bishop 
Museum, 

RESOLVED, That the commendation of this Conference be 
extended to Mr, Dominick for his far-sighted interest and gen- 
erosity and that assuran.ee of good will and cooperation be given 
iiim. 


SHIPS FOR BAYARD DOMINICK EXPEDITION. 

The Bayard Dominick expedition of the Bishop Museum is 
now in the field and the successful continuation of its work de- 
oends ujion obtaimng a ship suitable for the navigation of waters 
outside of established trade routes. 

The Conference invites attentiou of the United States Gov¬ 
ernment to the benefits likely to resuit from providing this expe- 
dition with a suitable vessel. 
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III. BIOLOGICAL SCIENCE. 

i. MARINE BIOLOGICAL SURVEY. 

The necessity for conservat ion of natural resources has be- 
comc imperative, sioce, in the case of the Pacific Ocean, certain 
cconomic manne species ha ve been exterminatcu and others are 
in peri! of extinction or grave depletion. Measures for stich con¬ 
servatio» musf be based oti an exact knowledge of the life his¬ 
tones of marine organisms, Knowledge of the biological, physical, 
and Chemical phenomena of the Pacific Ocean is meager and 
wholly inadequate to serve as the basis for rational conservation 
measures; therefore be it 

RESOLVED: 

(a) That the First Pan-Pacific Seientific Conference rec¬ 
ommends that the governments of the several nations bordering 
on the Pacific Ocean cooperate, through thcir several agencies 
concerned in surveying and charting the sea, toward the col¬ 
lectiori, compilation and publication of data relating to the topog- 
raphy of the bottom, and the temperature, salinity, acidity, cur- 
rents, and other physical and Chemical properties of the waters of 
this ocean, fundamental to biological research and the improve- 
ment and conservation of the fisheries, 

(b) That the Conference recommends that a comprehensive 
systematic biological survey of the Pacific ocean and its contained 
islands be undertaken, with sperial refcrence to the economic fi$h- 
eries problems and that the investigatio» be carried on in so far as 
possible throtigh existing agencies, such agencies to be provided 
with the additional apparatus and facilities necessary, the investi- 
gation to be carried on under such cooperation as will prevent 
duplicat ion of effoft. 

fc) That the Conference recommends that the several mu- 
seums, biological stations, and other institutions engaged in bio¬ 
logical investigations relating to the Pacific ocean, associate them- 
selves for the purpose of exchanging information concerning 
past, current, and proposed investigations, the exchange of facili- 
ties and personnel, the coordination of work, and the prevention 
of duplication in thcir respcctive activities. It is further recom- 
mended that a survey be made of the facilities afforded by the 
several institutions, said survey to cover material, equipmcnt, en- 
vironment, and the personat qualifications of the respective staflfs 
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for stipplying special Information and working up material. It is 
further recommended that the National Research Council of 
Washington^ D. C. p be invited to undertake or atrange for such 
survey and that a committee of this Conference be appointed to 
represent the interests of the botanical and zoological sections in 
this regard, the committee to be appointed by the Chairman of 
this Conference. 

(d) That the Conference recommends that systematic sta* 
tisties of the fisheries be collected anci pnblished annually and 
that such stati sties be, as far as possible, uniform in character 
and in such detail as to methods of fishing and geographical dis- 
tributiori as to make them u.sefui in fisheries administration and 
conseTvation. It is further recommended that the several gov- 
ernments provide for a joint commis sion for the arrangement of 
the details of such statistical compilations. 

2. RECOMMENDED INVESTIGATIONIS IN MARINE 

IilOLOGY. 

Because of the urgency or importati ce of certain investiga- 
tions, this Conference 

RECOMMENDS: 

(a) The collection of bottom samples froin depths under 20 
fathoms, since these are not usually obtained by deep sca expedi- 
tions and can be readily obtained at anchorage by simple ap¬ 
paratus. 

(b) The study of tlie brachiopod fannas above the 1000 
fathom line inasmuch as a knowledgc of these Brachiopods sup¬ 
pi ies important evidence on the question of former land connec- 
tions. 

(c) A systematic and thorough study of Pacific Oceau 
algae and of the condi tions under which tliey occur and of the 
part they play in their environment; this could be obtained by 
means already employed for eertain parts of the Pacific Occan 
and would be of great scientific ■valtie* 

(d) Because the Ilavvaiian Islands lie on the margin of the 
tropical seas. and therefore OCClipy a critical positio. 1 for the study 
of the ecology of marine organisms, among which corals are im¬ 
portant; and bccausc data obtained froin ecologic investigations 
in this locality would be of value to geologists in interpreting the 
condi tions under which fossil faiuias lived, the Conference rec- 
onnneiuls a careful stnrly of the eeolugy of the marine organisms 
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of the Hawaiian Islands, and particularly a study of the oorals 
and of the orgatiisms associated with the corals on the reefs, 

3. LAND FAUNA. 

The part played by livitig animals in the solution of many 
scientific pnoblems in the Pacific is well recognized. The relation- 
ship of their present to their former areas of distribution and to 
that of extinct allicd forms is the key to some of the geological 
probi e ms; they have direct bearing upon many ethnological prob- 
lems and they are the chief source of evidence upon which our 
ideas of evolution must be built. From a knowledge of the land 
fauna follow great economic advantages, such as the protection 
of the human race against many diseases and crops against pests. 

AUhough in certain Continental Pacific areas and some of 
the larger islands the land fauna is fairly well knowti, yet in none 
is knowledge yet complete, and in some, such as Polynesia, it is 
very deficient, The urgency for this work is great, as large areas 
are rapidly being swept of their native land fauna, Therefore this 
Conference 

RECOMMENDS: 

(ai That surveys, as complete as possible, be made of the 
land fauna, especially of those smaller islands in which the native 
fauna is fast disappearing, or is likely to become extinct in the 
near future. 

(b) That the attention of zoologists be called to recently 
made land areas due to velcanic or other activity and the import- 
ance of the study of ecological development with special reference 
to the appearanee of animal life upon such arcas, 

(c) That since land mollusks supply Information of value 
in zoogeographical researches, m^terial for a comparative study 
of the anatomy of the soft parts of land snails be obtained from all 
the high islands of Polynesia, Micronesia, and Melanesia, and that 
adequate faunistic collections be made on islands the faunas of 
which are not at all or only partially known. 

4. ORNITHOLOGICAL SURVEY OF TITE PACIFIC 

This Conference expresses its gratification at the fact that 
arrangements have been made by the American Museum of Nat- 
ural History for the purpose of undertaking and carrying 011 a 
comprehensive and intensi ve orn i tho logica 1 survey of the islands 
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of the Pacific Occati, particulari) those of the South Seas* and 
extends its thanks to those who have made pro vi sion for the ex- 
pedition, 

5. COLLECTI NG POLYNESIAN LAND FLORA. 

Since a definite knowledge of the flora of Polynesia is 
essential to a proper understanding and correlation of numer- 
ous problems bearing on the Hfe and origin of Polynesian 
peoples, problems of forestry, agriculture, ethnobotany, piant dis- 
eases, physiology, and ecology; since the original vegetation of 
sume island gruups is rapidly being destruyed P and since botanica! 
exploration of Polynesia has been sporadic and 111 many regions 
incomplete* the re 10 re the First Pan-Pacific Scientific Confe retice 

RECOMMENDS: 

(a) That botanica! exploration o£ Polynesia be extended 
as rapidly as possible in order to assemble comprehensive collec¬ 
tione with as complete notes as possible covering the scientific and 
economic aspects of Polynesian botany. 

(b) That this work of exploration be carried on by existing 
agencies, by special botanica! expeditions, and by heads of non- 
botanical expeditions employing and supervising native collectors, 
whenever feasible, for the collection and preservation of botanica! 
materiat. 

(c) That materia! be collected in bulk, from ten to fifteen 
specimens of eacb species, with the object of distributing dupli¬ 
cate spedtnens to Pacific institutions and to the larger botanical 
centers of the world. 

6. PLANT ECOLOGY ON LAVA FLOWS. 

Since new lava flows and olher votcanic cjcda tiller f resti 
terrane for the abode of life, therefore this Conference 

RECOMMENDS, That studies be made of the stages of eco- 
logical development with special reference to tbe appearance of 
forms of piant life on new volcanic deposits following an erup- 
tion; and also of plants best suited to the speedy rehabilitation for 
agricultural uses of regions oovered by such volcanic ejecta ; and 
of the resistance of plants to volcanic fumes. 
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7. PRESERVATION OF THE HILLEBRAND GARDEN 

(HONOLULU) 

Sincc the botanica! garden of the late Dr. William Hille- 
brand, aut lior of the '‘Flora of the Hawaiian Islands,” situated in 
the city of HonoluUi, is one of the most remarkable gardens in 
the world, posse ssing as it does many unique and rare plants in- 
troduced into the Hawaiian Islands by Dr. Hillebrand, and since 
this Conference believes that the preservation and perpetuation of 
this garden, which is threatened with destruction, would be a 
great benefit to botanical Science, it recommends that the steps be 
taken to insure the preservation of this garden. 


IV. GEOGRAPHY. 

1 . TOPOGRAPHIC MAPS. 

The exploration of Pacific regions in many branches of 
Science is handicapped by the almost tota! lack of topographic 
maps. There is scarcely any human activity which does not 
depend to a greater or less degree upon a knowledge of the 
configuration of the land* This is especially true in such work 
as mining, railroad and highway extension, and maintenance, 
and the utilization of water in power development, irrigation, 
and transportat ion. The natural resourccs of the world cannot be 
discovered and utilized efficiently withont such maps. 

Topographic maps of any given area should be adapted 
in scales» accuracy and dctails, to the scientific and economic 
needs peculiar to the area. 

The benefit5 derived from adequate topographic maps are 
far greater than their cost and this Conference urges that a plan 
be made for carrying on a topographic survey of the lands 
of the Pacific regions, and that this plan be designed to give 
uniformity of results. This Conference commcnds the countries 
of the Pacific region for the work already dotie by them. 

2. SURVEY OF THE SHORELINE AND COASTAL 

WATER S. 

A general hydrographic survey of the continenta! shelves 
extending off-shore to the one-thousand fathom curve and of 
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ihe island piat fornis should be cxecuted, in ordcr to supply 
basic data essential to ali research work involved in the gen¬ 
eral scientific explorat ion of the Pacific ocean. 

This survey should establish a systero of horizontal and 
vertical control, determme the shore line and adjacent topographic 
features in true geographic position, develop submarine relief, 
collect and describe the materials of the bottom, observe tem¬ 
perature and salinity, and define vertical and horizonta.) move- 
menta of the water. The hydrographic bureaus of the na¬ 
tioris of the Pacific, as now organized and operating, need only 
to expand their equipment and extend their field to meet the re- 
quircmcnts of this project. Closer cooperation is dcsirable in 
the interest of unlformity and to avoid duplication. 

These results, in addition to their beartng npon researcli 
work, have so great economic value to the shipping, fish- 
eries, and other marine ittterests tbat the cost of the survey 
for the collection of the necessary data is relatively insignifi- 
cant. It is stated in a reccnt publicatio» of the tjnited States 
Coast and Geodetic Survey ihat the vessels wrecked in the 
coastal waters of California, Oregon, and Washington in the 
year 1917 on account of the incompleteness of the charts, in- 
volved a loss which amounted to more than double the esti- 
mated cost of a complete hydrographic survey of tbose waters. 

This unfinished state of the hydrographic survey along the 
west coaet of the finited States is not exceptional; few re¬ 
gio ns of the Pacific of any cousiderablc extent have been thor- 
Oughly Surveyed. This Conferencc makes appreciative acknowl- 
edgment of the notabie contributions made to the survey of the 
Coastal waters eff the Pacific by the several nations borderingf 
thereon; but in view of the magnitiide of the work and the length 
of time involved in its exccution it commeuds this general project 
and urges its early exeeution. 

3. USE OF UTRELESS TELEGRAPHY IN LONGITUDE 

determination. 

This Confercnce commends the use of wireJess telegraphy 
for the improvemetit of determination of the longitude of the 
islands in the Pacific, 


4. MAGNETIC SURVEY. 


The general maguetic survey of the Pacific ocean should be 
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continued to an early conci usion and provision made for sudi 
additional work as may be needed to determinc annual and 
secular changes in the magnetic elements. The field of work 
should be extended to include the Coastal waters, where the 
magnetic phenomena are complex, and their determination es¬ 
sentia) to tnany important interests. 

Systernat ic operations under this project are a comparativdy 
recent undertakmg; but already excellent resulta have been 
obtained in the Pacific from the work of the Carnegie Institu- 
tion of Washington. 

The work is of immediate and vital importance to naviga- 
tion and surveying, in addition to its bearing upon the gen¬ 
erat subject of geophysics, and this Confcrcnce hopes that pians 
may be made for a complete magnetic survey of the Pacific 
region and that the work may be expedited. 

5. PHYSICAL OCEANOGRAPHY. 

Oceanographic investigations yield results which consti¬ 
tute a basis essential for scientific exploration and research in 
the Pacific region, notably in meteorology, gcology, botany, 
and biology. Moreover, such investigations are of importance 
to navigators in disclosing dangers to vcssels sailing the ocean 
and are of economic value in enabling vessels to save time and 
fuel in their navigation. 

The present knowledge of the oceanography of the Pacific 
is deficient in every branch and constitutes but a meager array 
of data scattered widely* 

In the oceanographic investigat ion of the Pacific waters 
the configuration of the bottom should be determined, speci- 
mens of the bottom deposits collected and their thickness and 
strati f icat ion revealed, the physica! and Chemical characteristics 
of the water at different depths and times determined, and the 
horizonta] and vertieal circuiation of the waters observed. 

The field work involved in such investigations must be 
carried on almost entirely by the govemmental hydrographic 
organizations of the countries bordering on and contained with- 
in the Pacific ocean, owing to the great expense involved in 
creating new and special agencies; and because the govern- 
mental ageneies have the perscmnel trained in this work, 
Those carrying on oceanographic surveys in the Pacific should 
avail themselves of the Services and advice of individuals and 
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organizations dealing with those branches of Science dependitig 
upon tbe results of such surveys. 

This Conference fecis that a systematic oceanographic 
investigation of the Pacific should bc undcrtakcn as sooti as 
possible. The plan adopted should be designed to complete the 
survey of the most critical areas at an early date, and eventu- 
ally of the whole Pacific region. 

6 * METEOROLOGY.. 

In vestigat io ns in meteorology or the physics of the attnos- 
phere designed to lead to an accurate scient i fic knowledge of 
atmospheric phenomena are of recognized importance. Very 
little is known of the behavior of the upper air over the land, 
and stili less over the occan. The fundamental aspects of 
these phenomena are exhibited in their simplcst manner over 
the greatest of oceans, the Pacific. Hence it is necessary to 
makc meteorologicaI observations over the Pacific for use in 
studying the more complex problems over the land. 

Moreover, the collection and prompt dissemination of 
marine meteorological data are of great benefit to humanity in 
carrying on Its commerce and in wcather forecasting which is 
now limited by a lack of synchronized, uniform meteorological 
data over great areas not within the customary track of 
vessds. 

Observations at the place of origin of typhoons, hurri- 
canes, larger cyclontc and anticyclonic areas, as well as the 
development, dissipatiori, oscillation, and translation of the 
satne, are essential to successful forecasting and the study of 
ocean meteorology. Moreover, the meteorological survey of 
these ocean areas has practical valtie. Therefore, the governments 
of the countries bordering on the Pacific ocean are invited to oon- 
sider carefully these matters with a view to increasing the number 
of meteorological vessel and land stations within the confines 
of this ocean and on tts borders, especially tbe establishment 
of vessel reporting stations in somewhat fixed positions. In 
considering these matters, it is believed that special attention 
should be given to increasing the number of stations in the 
well known "centers of action.” 

The First Pan-Pacific Scientific Conference commends the 
ocean navigat ion companies and their masters of vessels for the 
valuable assistance they have rendered the meteorological Services 
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of several stations and urges them further to cooperate espe- 
cially in the matter of transmitting their weather reports by radio- 
graph as weil as by mail. 

7 . METEOROLOGICAL STATION ON MACQUARIE 

ISLAND. 

Since the observat ion s made at the mete oro logica! station 
on Macquarie Island resulted in improvements in the accuracy 
of weather forecasting, this Conference expresses the hope that 
observations at that station, interrupted by the war, may be 
resumed at an early date. 

8 . METEOROLOGICAL STATION ON MAUNA LOA. 

In view of the fact that Mauna Loa, Island of Hawari, 
the highest accessible point in the Central Pacific, offers excep- 
tional opportunities for the exploration of the upper air, this Con- 
fcrertce recommends that a station of the first order be established 
on its snmmit for continuous meteorological observations. 

9 . EARTH TIDE 5 . 

The succcssful operat ion of the Michclson earth-tide ap¬ 
paratus at a station in the United States of America has fur- 
nished data from which the knowledge of the physica! char¬ 
acteri Stic s of the interior earth has been increased, and it is 
desirable that earth tide stations be established in the Pacific 
region at widely separated points in order to discover whether 
the physica! characteristics vary from place to place. 

This Conference Eiopes this work will be extended. 

io. ISOSTATIC INVESTIGATION S. 

I n vestigat ion s in the theory of isostasy have thrown 
much light on the subject of deviation from the normal den- 
sities in the outer portions of the earth, which is of tmportance 
in the study of geology and in other branches of Science. 

Much can be added to our knowledge of isostasy by a mathe- 
matical reduction of existing field data, following wel! known 
methods, which would involve only slight expense. 

This Conference urges, in the interest of geophysical and 
other Sciences, the early reduction of existi ng geodetic data 
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and the extensiori of geodetic field work to those regions of 
the Pacific where sucb data are now lacking, 

This Conference commends the Coast and Geodetic Survey 
of the United States, the Trigonometric Survey of India, and 
the Dominion Observatory of Canada for work they have done in 
isostatic investigations. 


V. GEOLOGY. 

I. GEOLOGICAL MAPS. 

Since it is in the interest of science and of value in the devel- 
opment of the natura! resources -of the different oountries con- 
ccrned, bc it 

RESOLVED, That the following maps of the Pacific 
region on the International scale of i :i,000,000 be completed as 
expeditiously as possible: 

(a) A hase map showing by conto urs or hachures as many 
topographic features as practicable, 

(b) A map showing geological format ions or groups 
of geological formations. 

(c) A map showing mineral resources, 

2 . GEOLOGICAL SURVEYS OF CRITICAL INSULAR 
AREAS IN THE PACIFIC OCEAN, 

GEOLOGICAL StTRVEY OF EASTER 1SLAND. 

Since a knowledge of the gcology of Easter Island might 
throw light on the question of whether there was in past geo¬ 
logical time a westward cxtension of the land area of the South 
American continent, be it 

RESOLVED, That it is des i rabie to have a careful study 
of Easter Island to determine the character and geologic age 
of the rocks composing that island, 

GEOLOGICAL SURVEY OF THE IIA W AII AN I5LAND5. 

Since the results of a detailed geological survey of the 
Ilawatian Islands would aid in the solution of many prob- 
lems of the Pacific region, be it 

RESOLVED, That this Conference strongly recoinmends 


Digitized by 


Google 


Origireal from 

HARVARD UNIVERSITY 




Resolutions 


41 


that a geological survey of the Hawaiian Islands be made 
and that appropriate geological maps and descriptive texts be 
published. 

GEOLOGICAL SURVEY OF SEVERAL SMALL ISLANDS IN EaSTERN FlJI. 

Since raised coral atolls with exposed basements of 
bedded limestone or of volcanic material are found in eastern 
Fiji, and since a geological survey of these islands supple- 
mented by reconnaissance work in the neighborhood of Suva 
would be invaluable in the study of the origin of coral 
reefs, and in the elucidat ion of the geology of the Southwest 
Pacific, be it 

RESOLVED, That a topographic and geological survey of 
the several small islands, such as Mango, Thithia, Lakemba, 
Vanua Mbalavu, and Tuvutha be made at the earliest opportu- 
nity, and the results published. 

3. FORM OF OCEAN BOTTOM. 

Because of their importance as supplemcnts to geological 
work on land in determining the structura! framework of the 
Pacific region and in interpreting the geological history of 
the region, be it 

RESOLVED: 

(a) That the configuration of the bottom of the Pacific 
ocean be determined with adequate accuracy. 

(b) That cbarts of the Uttoral and subdittoral zones be 
made in ali practicable detail; for example, wherever possible 
these charts should be on scales ranging between 1:10,000 
and 1 : 40 , 000 . 

4 . POST-CRETACEOUS CORRELATION. 

Since such knowledge is cssential to the establishment of 
an adequate basis for the stratigraphic correlation of the post- 
C re taceo us format i ons of the Pacific region, be it 

RESOLVED: 

(a) That in addition to the study of the post-Cretaceous 
stratigraphy and paleontotogy of the Pacific islands and of the 
land areas on the margins of the Pacific ocean, such work 
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also be expedited in the Caribbean region and in the region from 
Burma through the Himalayas to the Mediterranean sea, 

(b) That itivenlories of the living fauna and flora of the 
Pacific region be prepared at the earliest practicable date. 

5 . STUD 1 ES OF SUBAERIAL AND SUBMARINE 

EROS ION, 

Since it is coming to be recogtiized gencrally that a knowl- 
edge of subaerial and submarine erosion is indispensable to a 
correct interpretation of the history of the continents, the 
Continental margins, and the oceanic islands during post' 
Cretaceous time, be it 

RESOLVED: 

(a) That geologists, geographers, seismologists, biologists, 
and others who are interested in the facts of form within the 
Pacific ocean and along it$ margins devote attention to the stndy 
of physiographic processes and the forms resultant from such 
processe s. 

(b) That geologists and physiographers make special study 
of the physical, Chemical, and other properties of igneous and 
sedimentary rocks so as to ascertain the difference in their 
resistance to erosive agents. 

(c) That efforts be made to obtain assistance in furthering 
the study of wave and current erosion, the factors limiting wave 
base, the action of weathering and corrosive agents at the head- 
waters of streams, the forms of stream channels, the form of sea 
cliffs at different st ages of development, the action of plants in 
retarding land erosion, and the ■ sequential stages of erosion of 
fanlt scarps. 

6 . STUDIES OF SEDIMENTARY PROCESSES AND 
SEDIMENTARY ROCKS. 

Since it is generally recognized that the interpretation of 
a large part of the geological record demands a knowledge of 
the processes of sedimen tat ion and the results of these processes 
in the format ion of deposits of past geological time, therefore 
be it 

RESOLVED: 

(al That geologists. oceanographers, geographers, biolo- 
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gists, and others who may be interested devote as mueh attention 
as possible to the study of modern sediments and the processes by 
which they are formed. 

(b) That geologists make special studies of the physical, 
Chemical, and other properties of seditnentary rocks to ascer* 
tain the condit ions under which the deposits were formed 
and the changes that may have taken place in such sediment- 
ary rocks after deposition. 

(c) That ali existing agencies be urged to study the phe- 
nomena referred to in paragraphs (a) and (b) above, and that 
efforts be made to increasc the number of agencies for the 
prosecution of such investigations. 

6. GEOLOGICAL COOPERATION. 

Since it ts desi rabie that the projects undertaken by the 
different workers in the Pacific regiou be so sclected and so 
designed that each may be supplementary to the rest and so 
contribute to the uniform accumulation of geological Informa¬ 
tion concerning the Pacific region, be it 

RESOLVED, That steps be taken to advise in the plan- 
ning of research, to correlate the efforts of the different work¬ 
ers, and to promote in such ways as may be proper a uniform 
mode of publication of results. 


VI. SEISMOLOGY AND VOLCANOLOGY. 

The domi nant motive which has appeared in the convention 
of seismologists and volcanologists of the Pacific here gathered 
together for the first time, has been to promote more loealized 
and more contmuous observation of regional plicnomena thau has 
hitherto been accomplished in most seismic and volcanic distriets. 
On the other hand, there is agreement that precise teleseismic 
triangulation is not a field for amateurs or for stations equipped 
with a multiplicity of inferior and diverse instrumenta 

There is urgent need for mutual information, regularly 
supplied by each observer to his distant colleagues, concerning 
volcanic and seismic happenings in each land. The employment 
of mariners and scientific expeditions to collect specimens and 
notes for the volcanologists in remote places may be organized. 

Education of the people in matters of earthquake-proof con- 
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struction and safeguards against disastcr has been proved to be 
a practicable and effective method of meeting volcanic and seis- 
mic crises. 

Interest has rccently developed in the earth tide, changes of 
level about volcanocs, and measurabie horizontal and vertical dis- 
placements direetly related to earthquakes. These are matters 
for the national gcodetic surveys and for geophysical investiga- 
tion of high mathematicai precision. 

The consideratior of the needs indicated above, na mei y, locat- 
ized work, distribution of information among workers in this field, 
education of the people at large, and the applicatioris of precisc 
geophysics has led to the following resolutions: 

t. ESTABLTSHMENT OF VOLCANO OBSERVATORIES, 

Useful volcano es: pe riment statioris have already been es- 
tablished in some lands, and more volcanologic experience is ■ 
necded for protectior against disaster of the increasing popula- 
tions of Pacific countrics and for the advance of Science ; there- 
fore this Conference 

RECOMMENDS the contimiance of the present volcano 
observatories and the establishment of new permanent volcano 
observatories in lands about the Pacific; and recommends that 
such a station for maintenance and poblication of continuous ob¬ 
servat ion s should be placed on one or more active volcanoes in 
each important volcanic district. 

2. PROMOTION OF LOCAL 1 ZED SE 1 SMOMETRY. 

In addition to the work of existing estahlishments, the in- 
tensive study of both large and small earthquakes in seismic prov- 
inces by all appropriate physical, geological and other scientific 
methods may lead to important and rapid advancement in geo¬ 
physical. knowlcdge. This knowlcdge is of iniportance for eoo- 
nomic and humanitarian as well as scientific ends, This Confer¬ 
ence therefore 

CQMMENDS the existing iiistitutions, recommends their 
contimiance and expansion, and urges early establishment of fur- 
ther speci fic programs of investigation and continuous ob serva- 
tion in regional seismology in special seismic districts about the 
Pacific. Timely publication of results is recommended. More- 
over this conference recommends to the National Research 
Conticii of the United States the establishment of a pro- 
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gram of researeh in regional seismology in the southwesteru 
part of the United States, 

3- PUBLIC ATIO N OF VOLCANO AND EARTHQUAKE 

INFORMATION. 

The workers in regional seismology and volcanology need 
accurate Information about geophysical events in other locali- 
ties than their own; therefore this Conference 

RECOMMENDS, That prompt and authoritative publica- 
tion of current facts and measurements concerning volcanoes, 
earthquakes, submarine eruptione, and tidal waves be an essen- 
tial part of the routine of ali Pacific observatorics. 

4. PRECI SE LEVELING AND TRIANGULATION IN 

RELATIO N TO VOLCANOLOGY AND 
SEISMOLOGY, 

Great earthquakes and volcanic eruptions are often pre- 
ceded and followed by elevations, depressions, and horizontal 
displacements in the regions concerned; therefore this Con¬ 
ference 

RECOMMENDS, That precise leveling and triangulation be 
carried on at definite time inter vah, in selected seismic and 
volcanic districts, in order to ascertain prccursory and other 
changes in underground stress accompanying great seismic 
and volcanic distufbances. 

5 . COL LECTIO N AND PUBLICA TION OF ST ATI STIC S 

OF EARTHQUAKES AND ERUPTIONS. 

There is needed for certain Pacific countries more complete 
statistics concerning earthquakes and eruptions ; and a com¬ 
plete list for the world should eventually be maintaincd; there¬ 
fore this Conference 

RECOMMENDS, That each Pacific coumry publish sta- 
tistical lists of local eruptions, earthquakes, tidal waves, and 
other related phenometia; and issue catalogucs of active, dor- 
mant and extinct volcanoes, and of local seismic features. 
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6 . CENTRAL SCIENTIFIC BUREAU, 

Disseminat ion of volcanologic and seismologic knowledge 
will be furthered by working through a body cooperating with 
ali Pacific countries; therefore this Conference 

RECOMMENDS the establishment of a centra! bureau for 
dissemination of scientific knowledge among the volcano and 
earthquake stations of the Pacific. 

7. SAMO AN GEOPHYSICAL STATION. 

This Conference COMMENDS highty the wofk done at the 
Geophysical Observatory at Apia, Sarno a, and expressos the 
hope that the Service of that station will be continued. 

8 . EDUCATIO N OF DWELLE RS IN DISTRICTS 
LIABLE TO DIS A STER. 

Grcat injury and loss of li fe to per sons and damage to 
human eonstructions may be caused by earthquakes and vol- 
canic cruptions and may be decreased by generat education; 
therefore this Conference 

RECOMMENDS, That countries liable to seismic disaster 
educate the people in proper methods of construction, iti beha- 
vior during emergeneies, and in the history of such cataslro- 
phes elsewhere. 
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INTRODUCTOR'Y REMARKS 

]>v F. Wood-Jongs, Herbert E. Gregor v. Ai.frkd G. Mayor 

AND A. F. Juoi) 

Mk, F. Woud-JoneS, Chairman of the Session: There are 
some subjects which are on the same footing as those Industries 
vvhich we have learned in recent ycars to term ‘*key ind «stries.’’ 
We must ali acknowledge, of course. that whatever our opinioits 
with regard to the Pacific, we must ali in the end bow to the 
geologists. They have the key subject in the solutiori of prob- 
lems in the Pacific. Lookcd at from that point of view. anthro- 
jxilogy is apparently unimportant. There is very little, one thinks 
at first sight, which anthropology can solve or hope to solve. 1 
am sure some of you yesterday must have heen struck by the 
fmdings of Dr. Ptlsbry when he dcmonstrated how apparently 
the land shells had come into tliis great Pacific world from the 
west toward the east. Very soon after we were told that vege¬ 
tat ion had come in from the east toward the west, thus dealing 
with two utterlv different groups, and two utterly different 
methods of dispersa). In Dr. Mayor'5 opinion St is .quite pos- 
sible that man has heen responsible for the spread of economic 
plants and animals from west to east. For anthropologtsts this 
Conference will close, I am quite certain, with the feeling that 
we know cxtraordinarily little of the problems with which we are 
supposed to deal. Our knowledge of the distribution of man 
and his wanderings in spite of the enormous amount of work 
done is extremely vague. Our knowledge is extreniely scattered 
at best. We do not occupy the position of a key Science. If 
we knew more of the comings and goings of man in the Pacific 
we coukl trace much better tliat very earliest type of sailor who 
has heen navigating the Pacific for a thousand years; and we 
should be much more in a position to dictate to the zoologist and 
hotanist if we knew' what sort of cargo he carriecl, which way 
he came and which way he went We could teli you a good deal 
you are lelling us. It is because our knowledge is so scattered 
that we Tteed to get right to work. Ali of you geologists and 
botanists are dealing with permanent features vvhich you can go 
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back to at any time and study. The days are mimbered in whicb 
amhmpnlogkal studies can be made. From tli.e point of view of 
this Conferenee anthropology is one of tlie vcry flrst subjects 
whidi shottld be taken care of. Hver since I liavc becn in Aus¬ 
tralia I bave bocn trying to urge on scientific bodies tbat if they 
are going to study thesc problems they nui st study tbem now 
liecause there are so few days left in which to study. 

It is exactly the sanie witli tlie culture and physical antliro- 
|x>lafy of Folynesia. If we are going to do this as au outcome 
of this Conferenee I would ask a !1 interested in anthropology 
that your first plan should be a pro|>er study of races from the 
physical and cultura! pomis of view. 

This poiut of view is held I bclieve by the Bishop Museum 
and I would ask the Director of tbe Museum. Professor Ciretc- 
ory, to supplement my remarks. 

Mr. GrEciory : The stat ement of your chairman tbat 
anthropulogical and ethnological research is an urgent problem 
as compared witli certain others is at tbe base of the pians of 
the Bishop Museum. Fortimately the Museum is unrestricted in 
its pians for tlie study of Polynesian etlinologv and natural his- 
tory, and problems may Ijc choseti with reference to their urgency 
or with reference to their bearing on otber problems. The activ- 
ity which calls lottdesl for immediate atteution is the study of 
vanishing races. and primarily sonie groups of the Polynesians. 

The much desired researches in geology and botany can 
scarccly be classed as urgent and the marine fauna will prob- 
ably be here for centuries, but if the bislory of tlie Polynesian 
race is' to be more tltan a collection of expanded notes, it must 
be written during this generatio». The natural net decrease in 
the poptilation is speeded up by epidemies. Dtiring tbe past tvvo 
years influenza has wiped out about oue-fourlh of the population 
of Uritish Samoa aiuI of Tahiti and the Marquesans seem to be 
marked for extinction. The late William Cliurchill mentioned 
three Pacific Islands in which ilie last inhabitant disappeared in 
1919—no lvortl of their dialect vvill ever agam be heard. The 
deatb of old rnen and women familiar with tribal customs and 
traditions is removing the source of Information. Professor 
Crampton recently told me of three old meti in Tahiti. talemed 
men whom be had Intimately known for a nuniber of years. In 
liis opinion if these three men have bcen swept avvay by the 
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influenza epidemic the possibilities of effective etlinological study 
iti Tahiti wtl! have declined 50 per cent. 

Under these circum stances it is fortunate tliat the Museum 
is able during the present year to emphasize anthropological 
research, A gift to Yale University of $40,000 for studies of 
the Folynesian peopte opened the way for intensi ve work. With 
the approval of the donor, Mr. Bayard Dominick of New York, 
this fumi was transferred by Yale University to Bisliop Museum 
in the bellef that the Museum was in an exceptionally favo rabie 
position to utilize this generous contribution, Plans liave been 
formulated with great care in consultation with Dr, Wissler, 
Professor Dixon, Professor Kroeber and Williant Churchill. 
Parties conslsting of an ethnologist and an archeologist are now 
in the Marquesas Islands and iti Tonga; a third party is to 
leave soon for the Austral Island group. and in TTawaii a com¬ 
prehensive study of physical anthropology is in progress. With 
each expedition a botanist is being sent, for the simple reason 
that the story of the migration of the Polynesian race may have 
to be read in ternis of the origin and distribution of food, medic- 
inal and ceremonial plants. 

The Museum hopes to be in a position to carry on these 
investiga tiotls for a sents of years, but with no klea Of pre- 
empting the field, The Museum is doing this work because it 
nceds to be done and because it is cquipped to make a contribu¬ 
tion at this time, Other institutions will find Polynesia a fertile 
field for study. I have no doubt that effective cooperation can 
be established and I am not miich worried about funds; the 
chicf obstructions in the path are the lack of a comprehensive 
and workable plan and the dcarth of trained investigators. I 
believe this Conferen.ce can supply the plan but 1 don't know 
where the workers are to be obtalned. Mr, Chairman, you may 
rely on the Bishop Museum to lead or follow, ride tandem or 
abreasf, with other institutions interested in making an imme¬ 
diate attack 011 the large and complex problcm of race relations 
in the Pacific, 

Mr, Mayor : I think we shotild ali congratulate ourselves 
and the Bishop Muscum in having such a broad-minded rnan 
as Dr, Gregory, Research in these days is largely a matter of 
efficient cooperation, The spirit which the Bishop Museum has 
displayed iti this matter in acting as an agent or clearing house 
for the vvhole world is most admirable. There is 110 question 
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that it is only by such methods and by giving a fair chancc to 
agencies properly equipped to do spe-cific things that the work 
can be carried on. For the first time in my life I fe-el that mat- 
ters of fundamental import in the anthropology of the Pacific 
are about to be solved. It is very late to start. Nevertheless, 
although many pages of the story ha ve long since been torn otit 
or tast, enough remains to provide matenal for a very interestmg 
vohitne. 

Mr. A, F. Jum>: May I emphasi ze a point made by Dr. 
Gregory that there is a tremendous need for men ? 1 wouUl 

like also to venture the hope that the committee on resolutioris 
will pass on in suitable strong wording a memorantium on this 
subjeci whieh should be calleri to the attention of the Bureau of 
Educa tion in Washington. Interested as I atn in edncation in 
Hawaii, being eonnected with two schools, I find the great diffi- 
culty in teaching geography is in getting teachers vvho know 
anything about the country. There are plenty of teachers who 
can teach admirably tlie houndaries of the State of Wyoming, 
but they are not familiar with the Pacific Ocean. Xeither are 
we able to purchase proper wall map* of the Pacific; they seem 
not to exist. I believe every school room in this territory 
should have such maps, and they should be in every normal 
school on the mainland and in every school of tlie countries 
hordering the Pacific both north and south of the equator. 
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MAX IX THE PACIFIC 

By Clark Wissler 

The topic before tt$ today ts "Man in the Pacific," It 
is not exactly a racial problem as that problem is conceived 
in popular tho-ught, where it is restricted to certaiti specific 
economic and social problema. Onr interest is a broader orte, 
but centers in the man of prehistoric time, Yet since historic 
time in the Pacific scarcely begins before 1750, we may almost 
igtiore this modern fragnient wbich the historiali claims as his 
spectal pro vince, However, we cannot ignore one of the prob- 
lems the events of this single historic century have created and 
one which the historian eannot, or does not, solve; viz., the prob- 
lem of race mixture. 

Anthropologists are well aware that race mixture is not a 
modern phetiomenoti, One of the distinguishing characteri st i cs 
of man, in contrast to other mamma! s, is his tendency to cross: 
the otily close parallel we have is among certain species of 
canines—particularly among the (logs. Curiously enough, the 
history of the dog is intimately associated with mati froni 
earliest paleohthic time and is just as difficult to imtatigle as 
man's own zoologicat history. I have frequently urged zoolo- 
gists to take itp the dog, but they always teli me tliat tlie prob¬ 
lem is too complex. But there is no reason to belicve that it is 
more complex than the human problem, where Crossing has gone 
on for ages. Yet in some parts of the Pacific we have race mix¬ 
ture on an extensive scale and for once the phenonienon can be 
accurately observed. Hence, regardlcss of any social or political 
interest, race mixture should be one of the problems to come 
before this congress. 

We turn now to the prehistoric, or main part of our prob¬ 
lem, Primarily this rests in the Polynesians, A great deal of 
random Information has been recorded» bearing- upon the num- 
bers, behavior (culture) and appearance of the many insular 
groups. The mere mass of this data is at first a bit discon- 
certing. but neverthcless, it is totally inadcquate to the problem 
as we see it today. It is not my intention to burden you with 
a summary of the available data; but rather to remind you of 
certain ftmdamental points of view growing otit of the research 
experience of contemporary anthropologists and to suggest that 
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Icads theae viewpoints indicate for those who take up speeific 
projccts in Polynesia. 

In the first place anthropological research in Polynesia seeks 
an answer to each of thrce questions: (i) Whence came the 

Polynesian? (2) What are the hereditary strains in his blood? 
(3) What are the essentials of his history in the Pacific? In 
other words teli us the origin, blood and chronology of Poly- 
nesia— zvhence, what and whcn! There is no difficulty in the 
formulation of this problem and there is nothing vague in its 
statement. The plain every-day man can grasp its import with- 
ont effort. Yet in this beautifnl simplicity lies a real danger;^ 
for such simple and direct statements often lead one to cxpect 
ready and positive soltitions. If anyone sets out with the expec- 
tation of a ready and clear-cut solution to these questions as the 
resuit of a single explorative drive, then it needs no prophet to 
predict something in the way of disappointment. The ultimate 
solution of the Polynesian problem vvill tax to the utmost the 
research ingenuity of Science and will dematid the long and 
persistent labor of two or three of the best scientific minds, 
capable of synthetiaing the results of manv Sciences. 

One of the misfortimes of anthropology is that it looks so 
easy that anyone backed by a littlc enthusiasm is tempted to roll 
up his slceves and go to it, No doub-t this is partly because it 
is a human problem, but also becansc the tcchnique and methods 
of the attthropological investigator are not formulated under a 
new and high-soundinjg terminology. For example if a gar- 
dener, who dearly loves plants, takes it into his head to be a 
hotanist, the first man hc mects knocks ali the oonceit out of 
him by reciting a fcw phrases from the descriptive terminology 
of the subject. Even my fellow scient ists, zoologists, geologists, 
etc., often fail to see that anthropology has well developed 
methods and technique for dcaling with ali the ustial phenoniena 
oue meets in exploration. In this discussion, therefore, we can 
ignore ali questions of technical dctails-, taking tliem for granted 
just as we do in the case of botany, geology, etc. Ou the other 
hand the tendencv to unde re st i mate the complexity of anthropo- 
logical pbenomena is so universa), that we can well affonl to 
give some attention to the fundamental viewpoints of the anthro- 
[xdogy of ttxlay anil consider their bearing upon the projected 
Polynesian research, the considerat ion of wllich is before this 
congress. 
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One of the primary objectives in an aiitliropologica! under- 
taking of this kinel is, the establishment of a chronology, Those 
of you who are fam.il iar with the great achievements in Egypt 
and Western Europe, neecl not be remituled that the chronologies 
for the two areas are the very foundatton stones of the anthro- 
pology of today. In the case of westem Europe, we have now 
onc great seqttence of cnlttires, or civili zations, beginning with 
the earliest knpwn stone age aml passing on up through the 
bronze and early iron ages, finally connecting with historic time 
in wbiclr we have recorded dates. One can now say with confi- 
dence that the answer to the whai for western Europe can be 
given with fair precision and a reliable outline of the chief events 
in man's career in that part of the world can be given in 
seqttence, showing the time relations hetween such events as the 
use of fire, the working of iron and the invention of a steani 
engine. In short for one small corner of the world we know 
the outline of the whole story from the first to this very hour. 
That is no mean acliievement and fumislies iis the ideal for 
anthropological rcsearch in other parts of the world, to which 
the Polynesian area is no excepticii. 

There are two main methods of attaining a chronology for 
man, By inau we mean a creature with sottie kind of a culture: 
before tnan began to use tools the chrono logica 1 methods of 
zoology and palaeontology will suffice: but when we come to 
dea! with a creature who nses tools and who has ideas and 
communicates tliem, some specialization in method is necessary. 

One of these special methods is that of super-jwsition, or 
Gratificat ion, which literally takes a leaf from the note-book of 
the geologist. The archaeological method, it is sometimes calletl, 
though that terni has a mtich wider application. The point of 
vicw in this method of super-positioti is that imdisturbed strata 
are of necessity formed in the order of their position—the older 
at the bottom, ete, The stmtification of culture remains is, how* 
ever, mau made, in coutrast to geological stratification, the differ- 
ent strata representing sequentia! perio<ls in nian's history. From 
these sequences we get relative time relations, but for the rtating 
of these, anthropdogy must ultimately appeal to geology, either 
directly or jndirectly, through the fauna and flora involveci, 

Tuming now to Polynesia, we see the necessity for tlu* 
application of stratification methods in order that a chronology 
mav be realized, Parts of each island mnst be dissected, as it 
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were, to determine tlie strata of humari occupation arui culture. 
We ca« fce reasombly certato for example tliat the shell lieaps 
of New Zealand contain tlie story of man in tbat island and per- 
haps tlie general ourline of Polynesian chronology as a whole. 
Likewise these islancts, though so far no definite refuse deposits 
have been loca te d here, contain ruins, caves and town sites, 
from. the proper study of which a chronology may be coti- 
structed, These problema of chronology are complex and diffi- 
cult, but not in superabis. So far this fundamental method has 
not heen applied to any part of the Polynesian area. The secret 
of success, however, is the man hehind the spade; put a keeii 
scientific mind hehind the project and rcsults will come. A real 
intellect and a single section of a large shell heap will open up a 
new vista in Polynesian research, 

We should not forget. however. thal the assistance of other 
Sciences will be needed to solve this probletn of chronology. 
First, we need a geological survey of tlie several island groups ; for 
as we have stated, the backbone of man's chronology is geologi- 
cal chronology. Fnrlher, we need data upon the fauna and 
dora of the respective islatids. It is the realization of this 
mter-relation of problems tliat underlies the conception of this 
congress and is its otily cxcnse for being. You teli us the his* 
tory (a relative chronology) of such plants as taro, bread-fruit. 
the paper mulberrv, etc., and the story of such mamma! s as the 
pig, chicken and dog in the islands of the Pacific and we will 
soon fili in the gaps in the chronological scheme for the 
Polynesian s. 

So far we have oonsidered orily the mati of tlie past as he 
survives in skcletal remains and the refuse of culture: hnt 
anthropology is not entirely a matter of the paleontology of 
civilization, it is also called upon to deal with living men and 
cultures wliose antecedents lie far back in the past. How can the 
chronology of these be attained? For example which is older 
in Polynesia. tlie Kapit system nr the nmvn drinhiag rotnplex 5 
In such cases we generally fall back upon distribution. Zoolo- 
gists and botanists also use this method; they have by its use 
discovered the cerners of dispersal for many forms and their 
chronological relations. Anyway anthropologists fitid that cul¬ 
ture complexes are distributed in geographical areas and that 
the more primitive forms frequently survtve in the margins of 
the areas. The same is true of the anatomica! types of man. 
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The most primitive inen survive, wlien they survive at ali. on 
places like Tasmania. tlie Southern tip of South America, South 
Africa, etc. Tlieir positions in the whole distribution of inan¬ 
it in d mark them as among the older fornis. 

Tlv way of illustrat ion, we may cite a more specific and 
umisual example of the interpretation of distributiori in terms 
of chronology. You are aware that the Spanisti explorers found 
in Mexico and Peru and at intermediate points, very complex 
cultures like those of the Aztec and the Itica. The area of dis- 
tribution for these higher cultures is in general terms from the 
Southern boundary of the United States to the northern bonnds 
of Chile, 

Xow, in the United States a peculiar type of pottcrv is 
found north of Mextco, and agam south of Peru we have pot- 
tery strikingly similar. In Western United States we find a 
curious frame fer Holding a baby and for carrying it upon the 
back of the molher; among some of the tribes of Chile and 
Atgentine we find the same form of baby carrier. Then a 
curious kind of wooden hitch was used in belt looms, both in 
Argentine and south-Western United States. Agam, on both the 
north and the south margins, the natives had the custom of 
chopping ofT one or more fingers as a sacrifice to the sun in 
compliance with conventional vows made in times of great per¬ 
sona! danger, Other correspondences could be added to this 
list, but these will serve as an illustration. 

Xow, wbat is the significance of this? Are we not justified 
in concluding that we have here on the tw r o margins of this 
great culture area of the New World, the remnants of an okler 
form of culture that once covered the whole intervening area? 
And are we not justified in concluding that this belorgs near the 
bottom of our chronological scale? In other words by the study 
of distributiori in great det ad we can at least infer chronology. 

Xow, when we tum to Polynesia, we meet with an imular 
distribution, but in the main the same methods will apply. 
Xever to my knowledge has this method been applied to Poly¬ 
nesia except in the most general way, chiefiy because the data 
are not yet adeq sate. Yet one or two tentative illustrations may 
suffice. 

The domestication of the south Asiatic fowl, or chicken, 
was known to the Polynesians. The center of origtn for the 
domestication of the cbickcn is placcd in south Asia, the hoitie of 
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the wild species. It spreads westward to Persia, thence to 
Egypt, down into Africa and over into Europe. East of Asia 
the chicken spread to the Malay islands and into Polynesia, even 
. to Easter Island, bnt failcd to reach America. 

From Egyptian researches we know that the chicken reached 
Egypt about 700 II. C. From Egypt it spread to the negro 
fribes of the Clongo in Afrira wliere the date of its appearance 
is placed at 400 B. C. For the introduction of the chicken into 
the Malay area we have not satisfactorv data and likewise for 
Polynesia: but Egypt and Polynesia are both margina 1 to the 
center of dispersion. We may expect, therefore, that the appear- 
ance of the chicken m Polynesia can not be much earlier than 
1000 B. C, and in ali probability much later. 

Another iuteresting culture complex i,s the niaking of paper 
cioth, or tapa as it is called. The materials used are from the 
paper mulberry, introduced from Asia, In the tapa complex, 
are printing from wood blocks, the making of lint for the dress- 
ing of wounds and the use of a paper kite. In old Chi na 
paper was made from the .sanie piant by a similar process. and 
printing from wood blocks was kiiown, also lint for wounds and 
the paper kite. How completely the paper complex of old China 
and Polynesia will correspond we cannot yet say for lack of 
data, bttt here is a gooc problem. Most of these processes 
can be dated in China and to these the parallel processes for 
Polynesia can be rdated. One of the first steps. however, is a 
studv of the plants furnishing the materials—the botanists must 
come to our aid here. When ali the returns are in, the relative 
time of the appcarance of the tapa complex in Polynesia can be 
stated. 

While it Is trne that a great deal of work remains to be 
done before the origin of the Polynesian can be stated, ueverthe- 
less we can forecast his chronology with sufficient precision to 
project the problem. In the main w r e find the Polynesian race 
margina! to the Malay-Asiatic area, There is little in the geo- 
logical setting to prevent him beitig also marginal to America, 
but the parallels to America are so vague that tlieir existence is 
stili in the controversal stage. On the other hand we can be 
certam that anthropologically Polynesia is primarily marginal to 
the Malay-Asiatic center. Hence, the problem of the Polynesian 
Is a part of the Micronesian problem, the Melancsian problen. 
the Malay-Pliilippine problem, antl finallv a part of the Asiattc 
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problem, It is dear then that the ultimate sol ut ion of the Poly- 
nesian problem demands in tensi ve work in eacli of these areas 
and musl in consequence be approached as au international 
project in the coordination of research. 

Another important point is* that as compar ed with Western 
Rumpe, the arrival of thp Polynpsian is a recrnt event. Pnlyne- 
sian chrcnologies have been proposed by Churchhill, Percy 
Smith, et al. As previously stated these must be taken as very 
tentative, owing to lack of check data. Yet strange to say ali of 
these estimates place the Polynesiati arrival at near 2000 
years ago. 

CfuirchilPs chronology may l>e taken as the ivpe. 

A. First Proto-Polynesian migrati oil.„ A. 1 ). o 

U. Tonga-Fiji migration . foo 

C. Creat Polynesian expausion ... . r ,000 

This chronology is laased upon litiguistic and culture data, 
but has not been handled by the most advanced methods. Tt 
has, however, so great a consistency with the data at hand that 
\ve may accept it as a work in g basis. 

As lo whether tlie Polynesiati was preceded by a di flerent 
race, ts stili too uncertain to be discussed here. It can be formu- 
lated only as a problem. Shell deposits, if they exi st in suffi¬ 
cient number, may answer this question, but it is useless to 
speculate as to what the resuit will be. 

In this discussion I have touched lightly upon the racial 
affmities of the Polynesian and upon the modern question of race 
mixture, as these topies will be presented by otber members of 
the congress. I have tried to give you a glimpse of the point of 
view of the anthropologist and to show you that our problem 
deals both with the living and the extinct, and that because of 
man^s peculiarities, we must consider his functional history as 
well as his morphology; the data of one will in the end supple- 
ment the other; that what we seek in Polynesia is to interpret 
man's distributiori in ternis of time and space, as the outlme for 
the investigation of his evolution. 

Finally I beg to remind you that the fanna of our suhject 
ii on the verge of extinction. The rocks at the bottom of the 
sea will remain, but the old Polynesian is passing the last mile 
post of his career. Hence, if anything is to be dotie with the 
Polynesiati problem, il must be done now. 
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Mr. MaYok: Wlivti we considci the imrmer of lifc of Polynesians 
wc see that in fumkimviiLal tliings the Japam^e and Polynesian* are 
remarkably alike. Their mental attitude. religious concepta manners. 
Iiabits^ clc„ are so similar that they cannot be due to outside influence 
hut must l>c due to 1>lood reUitionshdp far dictant. It is too complex to 
bc a mere matler of Occidental rcsemblance- The whole menta! attitude 
cif the Polynesiatis is sn different from the niild eode of the Puritatis 
which now dominate* the world tlmt they will not teli us their myths 
and traditionis, These stoTies they know will shock tis. Cqm sequenti v 
they cati ont v be secured as a reward of the greatest possible patienec 
and tnet; perhaps women may achieve greater snecess than men in sudi 
*i quest, 

Mh, Saffuwk The tlieory which has sometmies beeo advanced that 
the Polynesians came from the East is absurd. Their principal ecotiom- 
ic planis are of Asiatic ori-Ein, and have been carried to Polynesia with 
their Asiatic, or tuore strictly speaking their Malayan names. Tn additicii 
io the cocrmut. sugar cane, pandantis, hau. inilo (Thespesia populneo} 
and noni iMorindu e* trifolia ). may be cited. Sugar cane, called to in 
Southern Polynesia aE*d bo hy the modern lbiwaiiatis + is calted topo or 
tupu in Gnatn and fut?« in the Malay Archipelago. The well khown 
bau tree of these islands (Hibiseus tiliaceus) from the inner bark of 
which the Polyncsians made cordage and strainers for their 'ava* and 
whose light wood was psed not only for the otitriggers of canoes but 
jlIso for makirtg (ire, is called fau in Samos: and this name ean ho 
traced thrnugh ptiu to pagu, pago, and bago w to its Philippine namc 
batibagv, Sonic of the piant names of Hawaii reappear in New Zealand 
where they are applied to species of the sanie gentis or to plants having 
a stmilar appearance or liabit of growth. As siti example the bastanl 
s£indalw r oods bckmgiug to the genus Myoporum may be cited. In botli 
the Hawaiian Tdaiids and New Zealand their vcrnacular name is n<u>. 
On the other hatid species of Mctrosideras, belonging to the same genus 
as the beloved oh ia lehua of the Kawstiians lia ve a very distinet 
vernacular name in Xew Zcaland. It wciuld thus appear that beforc 
their separation the emnmm ancestors of the Hawaiians and the New 
Zealanders dwelt iti a Incality where species of Myopo-rum grew bul 
from which Metrosideros was nbsent. 

From piant nam es and also from the names of fishes. hirds. and 
4>ther animals a fauna and flora of the ancestral homo of the Poly- 
nesians could He compiled. Numerous examples can be cited as staking 
ns that of kah and fata, applied m Hawnis and Samoa to species of 
Pandamis or screw T pines. The sarne priticiple applies to the nantes of 
nearly atl natural objects, such as sky, sum moon + star, sca, ocean, wattr, 
stone, bird h fish, seaweed H also to the word for hre. ahi in Hawaii and a £ 
in Samoa H and alci in modern Malnyam Tlie numera! system and many 
grammatica! forrtss of the Haw r aiians atid Samo:\ns have bcen brought 
from Sfalaysia. 

Mr Wtop-Jones, Chairman of the Scssion; Dr Hedley P I believe, 

has evScience which lcads to a ditTerent conctusioo. 

Mu. HeOLEY: Wlien a historian wishcs to trace the progress of 
sonie vanished race, he will ask for documentarj r evidence, some carvin^ 
or writmg or pottery, I ha ve no evidence to offer except soft herbs. 
and gra.sses which inay have been where they now are before the humati 
race appear cd and may be the re when ali our race has vanished, The 
Sw r cdish botanist, DcCanclolle^ wrtue many years agn, an accounl of the 
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history of tlic coconut palm which he declarcd vvas cssemial to the 
human racc m this part of the world. In summmg iip he ptes^mcd 
iwo a Ilern at i v es: one was that the coconut palm originated in South 
America, and the other that it came from A&ia and Ceylon. The chief 
argumeiU lu favor of American origiu is tli.it tlicrc are two bundrcd 
species and Lwenty genera, ali of which are related lo the coconut 
palm wliich comes from this pan of the wotUI. There are no coconut 
nn the other ride. and if yoti helieve m Candolie*s hypnthesis 
of destetn with modi hcat ion b that evidenee alone would incline you to 
betieve that the coconut came from South America. On the other hand 
there is docnmentary evidenee to the effect that the king of Ceylon 
otitivated and greuv the coconut palm three thousatid years ago. DeCan- 
dolle. who was not an ethnoloRist, was confronted with the difficulty 
that there were no means of transporting the coconut from America to 
Asia three thousand years ago. He dk! not know that the finest race of 
navigacors which tke world had then seen were the Polytieslans. Here 
were a peopk who were capable of transporting the coconut from onc 
ride of the Pacific to the other a thousand years before Magellan, If you 
were to find a very desolate island on which man had never lived, you 
wfiuEil fiotl no coconut*, No wild coconut has e ver hcen found hv 
botanica! explorers, The coconuts ha ve beca tended by fo uniar, hami* 
and like ali cultivated phnts wotilcl wither and disappear without at- 
rcution. They are as dependent upon hutnan c?^re as a canary r 

Australia from Torres Straus down the coast for a tliousand mile> 
is as wel! suited to support dense coconut groves as is Polytiesi;i. 
Mclanesia and New Guitica. yct along tliis streteh not one i$ to he 
fotmd, while on the opposite shores of New Guinca, Solomon hianda 
and the New Hebrides, there are dense forests of roconuts. AccordinR 
to the poetic explanat ion, ihat cocomits drift ovor sce* and cstahlish 
■Jiemselves on the heach without the aid of man, these hcautiful groves 
riiould have driftcd from island to iiland, The coemi ut is not the only 
evidenee, The sweet potato is a native of South America and Capta in 
Cook found it cultivated ali over the South Sea Isi antis, 

Mr, SAlfFOim: I have a&sklcd in opciiiug tw-u humlftd prchktork 
graves on the coast of Peru and Chili. In these graves were receptacles 
of ali ltitids includirg goiircfc and imitalions of gourds in pottery, There 
were also many other kinds of fruits and vcgttahlcs imitate*! but neither 
I nor any other explorer has found a fragment of a coconut Shell nor 
the representation of a coconut in the prehistoric graves of Peru or of 
auy other part of America. It is very stratige that the coconut P if ii 
rtally grew in prehistoric America, sliould await the arrival of Columbum 
liefore it began to disseminate itself. h is aho remarkahte that there i* 
not one native American nanie for coconut; while in nany paris of 
Polyncsia and the East IndicA there nrc not onty gctieral iiiiines fui 
ihc coconut itself but for iiinnmerabk varieties of it + some cf theni 
prized for the exccllence of the kernd. others for the cnclosed water 
which is used as a beverage, others for tlie fiber of the husk n etc. 
On the Pacific coast of Mexico, in the vicinity of Acapuko and farther 
north, the sap derived fiom ifw immature infloresecncc is made sntn 
a fermented drink, callcd by t:ie FhJippme nanuj tuba. Thase who 
write of the history of the coconut usually bcgiti witli the first ap- 
pcarance in literature of the name coco. As a maiter of fact its early 
name was nux indira, and it was under tlhs name thai Marco Polo 
dcscrilcil il before the discuvery of America, tetling of the important 
part it play^d in the cconomy of certa in tribes iti the Ea st lndie? r 
Anf)ther significant fact is the presence on nccimic islnnds where the 
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coconut grow * of the cocoimt crab* Birgus tairo t which docs not occur 
iu America, Ihidoubtedly the coconut has becn widely spread through 
h 11 mati agcncj. In Folynesia it lias taken with it its Malayan narne 
ii lu, That it can estahhdi itsclf without man"* aid has recently becn 
demonstratori sn the explora tion of Palmyra Tsland. As Beccari and 
other* hjive stated it is especially adapfcd for floating and tinis for 
heing disseminated by ocean currents. 

An exampte of the way a coconut can find its way *o a new 
island through h tumui agency is offcred in the narrative of ane of the 
early exploripg expeditiotis. A native of the Caroline Islands who had 
heen shipperi as onc of the crew went ashore on one of the Aleutian 
Islands. After a shnrt time he got into a boat and returned to the ship. 
On being qucstioned he replicd : "I come for coconut to piant ashorc: 
these poor people no gc\ coconuts; how can thcy live: 1 * 

The chief argunient advanced for the American origin of the 
cocomit is that its nearest rdatives are American. It now appears 
that ihe so-callcd cwos palms of South America do not really belong 
to the genus Cocos, and that its ucartst relative is an Africar palm K 

Mil Murir: Insects have cxerted a large influente on race migra - 
tion. The Arab migration in Africa may be cited a» an eximple. Tt 
lias heen observed that the Arabs spread soathward to the horder of 
the btlt occupied by the Tohse By, but not beyond. It is probable that 
Arabian culture would have spread eufirely over the continent of Africa, 
but for the bar establislied by* the fiy T 


Digitized by Coo 


Origioa from 

HARVARD UNIVERSITY 



THE STATUS OF PHYSICAL ANTHROPOLOGY 

IN POLYNESIA 

IjV Lotus R. Suluvan 

It is an easv task to define the status of somatological 
research in Polynesia. In all fairness to thoste who have worked 
in thls part of the world* it may stili be said that this is a virgin 
field. Disregarding the scattty data contributed by eothusiastic 
but in many cases nntraincd observers, the serious contributiom 
to physicaI problems in Polynesia may be enumeraled in a very 
limited space. Davis (1867), 1 Flower (1897) and Torner 
( 1884. 1885) in their catalognes liave descrihed a few crania 
fratri Polynesia. Allen (1898) has describcd a fairly large col¬ 
lectiori from Hawaii, and Poli (1904') a series of skeletal remains 
fmm the Chatham Islands. Ten Kate (1915, 1916) has meas- 
urert a few Poiyncsian natives. We have the unpublished work 
on the living Hawaiians by Von Ltischan and Tozzer. Ccnsid- 
ering the area of Polynesia and the number of people inhabiting 
it, tlie data is entirely madequate for cottcl usio ns as to the racial 
or inter-insular affinities of the Polynesians from a physical 
stamlpoint. As a matter of fact, the various observers enumer- 
ated above have appreciated the meagemess of their data and 
have carefully refrained from drawing any sueh conclusions or 
claborating any theories of origin or migrations. They have 
bcen content to stop with de scripti otis more or less detailed as 
their interests dictated* 

Tlut does that tnean that therc is a poverty of theories and 
specnlations as to the relationships and migrations of the Poly- 
nesians? Xo, indeed. Probably the history of no other sittiilar 
group of mankind has been so much speculated upon and so 
maltreated as has that of the Polynesians. Voyagers, mission- 
aric?. legislator» and students of al! subjecta who have travclcd 
in Polynesia or have talked with scune one who has traveled in 
Polynesia* or who have seen photographs of the natives, have 
heen generatis in their contributions to the theories and specti- 
lations in vogue: nor have they been backward in adding new 
theories of their otvn manufacture, In the literature it is easy 
to fiud aiithoritv for inclnding or excluding the Polynesians in 
or from all the races of mankind. They have been grown here, 
or brought here from America, Northern Asia, India, Africa and 
even northwestern Europe by various authorities. 

4 A bibllnjcrapliy ia puhltshed at the cutf of this, paper. 

[63] 


uigitized tyy Go o 


Original fram 

HARVARD UNIVERStTY 



1 ’_\x—P acific Scikxtific Cuxfkhkxcic 


M 


In orrier that I may not seem to exaggerate, let me Ite more 
specific in my staternents. Lesson regards the Polynesians as 
autocihones, originating Ln South Island of New Zealand, which 
he thinks is the Hawaiki of tradition. Fornander (1870) savs 
they came from Saba, Arabia hy wav of India and are a branch 
of the great Indo-European family. Fetiton (1885), Gill (18761, 
Tregear (1904) and Gtidgeon (1885) foliow Fornander witli 
trifling qualifications an<! reservations. Eliis (1829) says they 
came from the W est, He later suggesta that they first erossed 
the Pacific to America and then returned to Polynesia. Drown 
(19201 suggests two migrations, one by way of Europe, non li¬ 
em Asia and tbe Pliilippines and a sccond by way of India, 

So m uch for speetilations as to the origin and migration> 
of tlie Polynesians, The solution of these two prol>lems will 
ahvays remain more nr less speculative. It is certain that 
phy si ea 1 anthropology caii not offer the solutiori, Xor, I believe, 
can any of the other branches of anthropology alone. It is 
oiily after extensive study of the physica! anthropology, archac- 
nlogy. liiignistics, ethnology* ethnobotany and ethnoznology of 
the Polynesians that we can ha ve any hope of an approach to 
a polution. 

To what problem or problems then can physica) anthropol- 
ogy o ffer Solutions? It can accurately define and describe the 
Polvnesiaii groups, It can prove beyond reasnnable doubt the 
raclal origin and affinities of the Polynesians. It can designate 
fairly accurately to what branch of a giveu race they lielong. It 
can detemiine the degrees of rdationsliips between the various 
Polynesian groups. It can point out the probable types with 
which the Polynesians have come in contact and have inter- 
mixetl dtiriug their migrat ion a and in reeetit times. This data, 
wheii interpreted with the results of other phases of Polynesian 
research, way throw sonte light on tbe more general problems, 

If physical anthro|)ology is capable of solving the problems 
eniunerated above. how has it succeeded thus far? The answer 
is. “Not at ali.” The racial afftnities of the Polynesians are as 
cnnfnsed and obscured in literature as are their origin and 
migrations. Saiut-Hilairc (1S61), Huxtey (1870), Flower 
(1882). Topinard (1885 ), and Peschel (1874) describe them as 
mongoloid. Eliis f 1829) and Eang (1877'! assign them more 
specifically to the American Indian type. Pritchard (18661 
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groups them with the Malays. Deniker 11900) classes them 
as a speciaJ race of which he says “the relations are somewhat 
vague.” Giuffrida-Ruggeri (1912) assigns them to a separate 
species including the Polynesians, the Indonesians and the 
Ainu. Quatrefagcs (1889) classes them as Caucasian, Giddings 
(1909) groups the Polynesians with the Europeans, Smith 
(1910) says they are generally acknowledged now to be a 
brancli of the Caucasia» race wlio originated in tiorth Africa. 
Brown (1920) says: “Thus the hair and complex ion. rather 
than the head-form, added to the tali stature and fine fcatures, 
point back to the north-west of Europe/' Keanc (1908) de¬ 
scribes them as follows: “Such are the Maori of New Zealand. 
the Tangans. Tahitians. Samoans, Marqitesas and Eliis Island- 
ers and Hawaiians. all of whom present a most remarkable uni- 
fomiity in their physical appea rance, mcntal qua lit i es, customs. 
traditi 011 s, mythologies, folk lore and religious notions. That 
thev are one people is obvioos, and that they are an Oceanic 
brancli of the Caucasian iiivisii.ni is now admitted by ait compe¬ 
tent observers such as Dr. Guillenard wlio writes thac the Poly- 
nesians are in no respect inferior to the average European either 
in complexion, physical beauty or nobility of expression. 1 ' Lord 
George Campbell also declares that “there are no people in the 
world who strike one at first sight so much as these Friendly 
Islanders (Tongans). Tlieir ciear, Hght copper, brown colored 
skins. yellow and cnrly bair. gootl humored and handsome faces 
fomied a novel and splendid picture of die getuis homo; and as 
far as physique and appearance go they certainly gave one an 
itnpression of being a superior race to oursA 

It is of interest to note that if we group the nten quoted 
into two groups we get more uniformity of opitiion. The 
biologists are almost imanimous in regartling tlie Folynestans as 
of mongoloid origin, whik the ethnologists and others have a 
tendency to regard them as Caucasian. 

If physical anthropology can answer tliese questions whv ali 
tbis confusion of ideas and opinions? The reason is obvious. 
It is simply necessary to remind yoti that physical anthropology 
is a biological subject. Iu the early days anthropology was 
chiefly physical anthropology. It ts now far fram that. Physi¬ 
ca! anthropology is only one of the many divisions of anthro¬ 
pology. But the transitioH has been so gradual and the tradi- 
tiom of the Science so strong that eveii np to the present time 
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it is custom&ry ft>r the various specialists in archaeology, lin- 
guistics, ethnology. anthropology and even history arui sodology 
to carry on work in physical anthropology as a side line. It is 
taken for gratited tliat no particular biological training or back- 
ground is necessary to discuss its problenis or prosecute its 
research. Even aniong' ethnologists, our closest colleagues, it 
has Come lo bc lafgely a cotirSe it! surveyiitg. One has only 
to know how to take a lini it cd Onmber of measureni etits of the 
body or skeleton to he an authority. To go a litlle further, I 
think it may be justly said the cephalic index lias become 
synonymous with physical anthropology in the minds of ia 
majority of etlmologists and scientists in closely allicd subjects. 
This is shown clearly by the periodica! revolts that are made by 
certam scientists when they ctdl ttpon the cephalic index in time 
of tronble and find ii wanting. One of the most recent seces- 
sioners is Brown (1920), who confesses as follows: “When I 
started out oti my travels over and around the Pacific I had 
vmquestioning faith in hcadfonn as the ultimate te st of race. 
But as I proceeded there arose in my mind dcmbts and ques- 
tions. ...... I have now lost faith in the measti remcnts of 

ireads or skulls, at least in Po 1 ytiesia. ,f We can only say to 
Mr. tirown that his faith was too grcat, Even now Lt is shaken 
only by the chanees of a liead or a sktill beiug artificially de- 
formed. Vet disregarthng the possibilitaes of de forni at ion, few 
physical anthropologists wottld defend headform, at least as 
expressed by the cephalic or cranial index as the ultimate test 
of race. I have yet to meet the physical anthropologist who. 
given an individual or skull to identify racially, pays any atten- 
tion to the cephalic or other indices. 

Jn order to ciear up certa in niismiderstandings tliat exist as 
to the scope and metliods of physical anthropology, I wottld like 
to indicate briefty the principies underlying its technique and 
procedit re. 

We have two metliods of attack. The first and most funda¬ 
menta! is the biological niethod. Here we rely npon anatomical 
characteristies for ortr racial relationships. Under this head 
come the forni, color and texture of the hair, the ainount and 
distribution of the bair on the face, limbs and body, the color 
of the cyc, the eoior of the sclera, the forni of the upper eyeiid. 
the color of the skin. the form of the itose. lips and cars T the 
devdopmertt of the glabella, the ccmtour of the face and profile. 
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peculiarities of the incisor and molar teetli, the develapment of 
tlie nzhiii and hinniretis of other similar observatious. These are 
the characteristics upon wliich we depend in thc main for deter- 
mining radat relationships. They yiekl the bcst results only 
in the hands of a person who has given the subjcct seriolis 
thought anci attentiori since they are expressed in ternis of rela¬ 
tive degrees, and one's description is restricted hy Itis experience. 

The second method is biometric and is not peculiar to physi- 
cal amhropology, It is nsed in various other biologica! scientes. 
It is adapted to eliminate as far as possible the personal equa- 
tion in descriptiori. It h based on the law of averages. Given 
Any two sufficiently large samples of the same race, the average 
size of their shoes or collars should be the same. While these 
Iwo charae Ieris lies are not used in practice, they illustrate the 
principle involved. Certain diameter» which vary constderably 
in mankind and split rather defimtely along the lines of racial 
or local groups, have heen selected to add to and strengthen 
the descriptive data enumerated above. Among these are the 
diameters of the nose or nasal skdeton, the diameters of thc 
rteshy ear, tlie diameters of the face, the maximum diameters of 
the braiti case, and stature. The ratios of these diameters are 
calted indices and certain of these indices notably tlie tiasal, 
cephalic, craniofacial arti facial have come to have a special 
biological signifkance. The nasal index comes the nearest to 
splittiijg along the racial lines, the cephalic the farthest. Yet 
one rarely Itears of the nasal irnlex, while the cephalic index 
figures prominently in every anthropological or semi-anthropo- 
logical paper or discussion. The nasal index has its shorteam- 
ings and does not distinguish bctwccn types of uoses having 
similar proportiom, AU of these indices are rough expressions 
of something that exists in nature. They are better thari verhal 
Hescriptions btit niust be interpreted by one who has seen the 
material involved at first haud, Attenipts to classify mankind 
by consistent adhoaiiLe to the cephalic, nasal or other indices 
have yielded weird results, as they must, for mankind in its 
differentiation into groups has not been conveniently consistent, 
Only when both of these methods of attack are used in the 
proper proportions to meet the demands of the case in hand 
can we hope for good results, The appEicatiun of a uni versa! 
formula of attack results in a waste of time, money and energy. 
and the results are mosl often obscuret! by details. Each area 
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of the world presents its ow» pcculiar problem? which must bc 
attacked by methods adapted to its peculiarities. 

Another important consideratiori is that the investigator 
shoukl be capable of distinguishmg impressions from facts, that 
he be capable of determining what is typical and wliat is atypical 
or extreme Kxtremes strike tbe untrained observer more forci- 
bly than the mean or average. A good exaniple of this mav 
be seen in tbe section qitoted a bove where Keane quotes Lord 
George Canxpbell’s descriptiori of tbe Tongans as having yellow 
hair. Surely tliis is not the average forni and color of hair 
for any Polynesian or Melanesian grotip. Another interesting 
episode is Brown's attempt to expiain tbe “negroid‘ T cbaracter- 
istics of the Polynesian nose. He says, “But there is another 
featnre that is lmnipnlated in habyhood; tlie nose; the nostri 1$ 
are carefnlly flatteiied out as in negroiil faces , . . ; we ntay, 
in fact. conclude that bis negroid form was not the nose that 
nature endowed niost of them with," Mr. Brown tloes not seem 
to appreciate the rlifficulties involvet! in deforming the nose per* 
manentiy. It cotild not he accomplished in babyhood, since the 
nose is otie of the last things to reach its adult forrn and si*e 
That tbe Polynesian nose cotild be protluced with sucti imi* 
formity by stich methods is beyond belief, Tberc are himdreds 
of snch ways in which one wbo has not made phy sica 1 problems 
his primary interest may, and nsually does, go astray. 

The old method of sending a man wbo is a speciali st in one 
field out with a basket to collect data in ali fields. lias not. and 
will not yield the inost desirable resui ts. If von wish an ex- 
ample look to America. Over 180 tribcs or gronps of American 
ludians liave been studied and described from tbe standpoint of 
physical characteri stics bv men more or less interested and 
more or less trained in the subject. In many cases the data has 
been the by-prodnct of an expeditiori for other pnrposes. The 
observer has had no particnlar problem in mind, but collected 
tbe data simply becanes it was considerer! a good thing to do. 
As a resuit what da we know of the interrelatioiiships of the 
American Indian? Yery little. There is probabty not more 
llian one or at most two men wbo have.any idea of tbeir rela- 
tionships, whether there is onc type, or two. or a dozen. And 
whatever irleas this man or fhese men may ha ve are based not 
011 the data collected by others, but on tbeir own research. 

Tbe only way to obtain satisfactory restilts »s to have a 
problem, map out the procedure and attack it logically and con 


Diqitized bv Google 


Driginal from 

IIARVARD UNIVERSITY 




Race Relatio ns 


69 


sistently. The physical problem in Polynesia is a separate prob¬ 
lem, at least iiisofar as its prosecutio» is concernet!. Its satis- 
factory sol ut ion can be accompHshetl only by sentling out traineil 
raen to a fair sample o£ the islands to devote tbeir cntirc time 
to this problem. Yott would not senti out an archaeologist, a 
linguist or an ethnologist to study the interrelationships of the 
fauna or flora of an area* Why send them out to study one of 
the most complicated of any of the animats groups—man? 
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THE AXT 11 ROPOLOGY OK THE HAWAIIAX RACE 

By Alfrf.ij Tozzkr 

From an anthropologiral point of view there are three 
angles of approach to the study of the Hawaiians, The first of 
these is a comparative study of the Hawaiians in relation to 
other Poiynesian [xxiple-—the origrin of the Polynesians—in 
otlier words that most popular, most difficult, anfl most netkdou? 
of subjects. The sccond means of approach is a physical study 
of the Hawaiians as a racial unit. This investigation is now 
'beitig carried out by the liishop Museum under the immediate 
c!irectk>n of Mr. Louis R. Sullivan. The thirtl angle is an 
investigation of the Hawaiians jn their relatiotis to other pcoples, 
the racial mixtu res now present in the Territory. Thi,s is the 
subject wbich I wish to discuss very briefly at iliis time. 

Eet us consider, first of all, the history of foreign immigra- 
tion to these islands, and infiux of pcoples which has brought 
about one of the most complex problems of miscegenation now 
avatlable for studv. 


THADITIOX OV WRECK 

Trarlition States that abortt 1528 at Keai in South Ktma. 
Hawaii, a foreign vessel was wrecked. The captain and his 
sister alone were saved. Practically ali authorities agree that 
this vessel must ha ve l>een Spanish. It is known that Cortes 
at about this time fitted out several exploring expeditions from 
the Pacific coast of Mexico. The first of these» in 1557, con- 
sisied of three vessds, two of which never retumed. It has 
})een assumed by many that the vessel wrecked on the Kona 
coast was one of these ships. Tradition goes on to teli us that 
this captain and his sister were ktndly received by the natives. 
They intermarrierl vvith the Hawaiians and it is said that they 
became the ancestors of certain well known fami lies of chiefs. 
It is generally believed that the present reddish haired Hawaiian 
called “Ehif is the resuit of this Spanish influence. I think 
this suppositi on is deddedly doubtful. 

Retuming to the historical aspecta of the question, there 
is littlc doubt that these islands were discovered in 1555 by the 
Spanish navigator, Juan Gaetano, The islands seem to have 
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been incorrectlv piaced on tarlv Spanish eharts from aleoni 

thU time* 

h vas not. however. imtil a Imos t 225 years later, m 1778. 
tliat the voyages of Captam Cook made tlie islands generally 
known. From Cooks time ouward, tbere was a constant succes¬ 
siori of voyages to tlie Islands among these being Portlock and 
Dixon, Young, and Y ancon ver. The latter in 1791 found 14 
Chinese merchants already located there. 

The arrival of tlie first American ni i,ss ion aries, just 100 
Years ago. marks the first distinet inimigration of a foreign 
pcople. The Wholesale arrival of alien peoples did not begin, 
howcvcr, until the latter pprt of the tgth century. The influx of 
foreigners w'as almost solely due tu the necessity of obtaining 
cheap agricultura! lahor for tlie sugar plantaiions, vvliirh wprp 
rapidly heing developed. 

K.vrlv colon iz,\t ion 

liefore enumerating some of the suceessftil attenipts at 
colonization let me review some of the less successfut efiorts to 
bring other peoples into these islantls. Kamehatneha III wished 
10 have the few inhabitante of Pitcairn Island bronght to Ha- 
waii. In 186B an attetnpt was made to introduce Polynesian 
pcnplcs. Tcn ycari later 2000 inhabitant* from the Gilbert 
Islantls vere actually bronght here. Ncarly all of these were 
later retumerl to thpir homes. An F,ast Tndian immigration 
vas planncd in 1867 bul it was tiever carrietl out. In 1870 a 
white colony was placed on Lanai. Tliis met with disaster. 

Seven years later a Hindu immigratum was contemplated. 

Of the peoples other thati white who haye played a great 
part as a radal ingredient in Hawaii, first place goes to the 
Chinese. The first colony, consisting of 180 coolies, arrived as 
early as 1851, With the establishment of the Bureau of Im¬ 
migrat ion in 1864, a delinite policy of orieutal immigration be- 
came effective and in the following year 500 Chinese arrived. 
In 1866 the Chinese in the Island mtnihercd 1200: in 1878, 
fiooo: and in 1886. 21.000. This numher has remaineri prac- 
tically constant ever since. 

Far less important as a racial factor from tlie iroint of 

view of miscegenation are the Japanese. The first came in 

1869, a colony of 48. In 1890. there were over 12.000 and in 

1910 almost 8o,ooo> 


Digitized by 


v Google 


Original from 

HARVARD UMVERSITY 



t\\N-r.\cjnc Scienti nc Coni'er ex ce 



THE POKTlT.UESi: KLEMEXT 

The Portuguese were praelically unknown here until tlie 
last guarter of tlie last century. There were t of eourse, sailors 
who came here in early times on the whalers, mostly from tlie 
Cajie Vertle Islands. They furnish a negro strain in some of 
the present day natives, The first large body of Portuguese, 
180 of them. came in 1878 from Funclial. In the seven fol- 
lowing years almost 10,000 arrived, mostly from the Azores 
and from Maderia* The Portuguese represetit the largest ele- 
ment in the Eumpean population of the Tsland^t at tlie present 
time. 

The Kdrcans and Filipinos were the last of the oriental 
peoples to arrive. The Koreans began to arrive in 1900 along 
with the Porto Kicans. The Fili pinos were brought in 1909 
for the first time. 

Let iis now considcr the main compotients of the present 
jiopulation, The last figures ptiblished are from the census 
of 1910- The estimates of the population in 1919, published 
in Thnim's Anmial for 1920 differ considerably in the propor- 
tions of the different elemeitts of the population from the 
enumeration of ten years. ago. Taking the 1910 figtires the 
Japanese stand at the lieatl, forming 41 per cent of the total 
population. Tliis shoidd he liorne in mind when we come to 
consider the stnall part of the Japanese play in racial mixture. 
The percentages of the otlier nationalities are as follows: 



1910 

lyiyfestimate) 

1 Iatvaiian, 

U -5 

85 

Portuguese. 

1 r -5 

94 

Chinese, 

11.2 

8.6 

White 1 

77 

ii -7 

Hawaiian-VVhite, 

T 5 

6.2 

Porto Rican, 

^■5 

2. 

Korean 


1.9 

Hawaiian-Asiatic. 

1.9 


Spanish 

i. 


Black 

■3 


Fili pino. 


8-3 

All others. 

1.4 

.2 


1 American mid Enropenn otlier th;in Purtnpiicsc and Spanish. 
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RECEN'1 1>AT,Y 

I next propone to present a sample of mixtures foimd in 
200 individuals whom I liave measured within the iast three 
woeks. T regret I ha Ve not the figures for 300 other personi 
measured by me in 19iC. It is not claimed that tliis sampling 
is a fair test of the relative frequeticy of pure and mixed bloods 
but it will indicate the variety of Crossing available for study 
here in the islands, These measurements were made for the 
most part at a pineapple cannery, on the docks, a«cl at the 
Summer Normal School, 34 per cent of those measured callet L 
themselves pure Hawaiians. 

The Hawaiian-White mixture formefl 35 per cent of the 
individuals investigated, nmning ali the way from y* Hawaiian 
and y* White, to % Hawaiian and % White, and Hawaiian 
and % White. There is little donbt that the census figures 
giving the Hawaiian-White mixture as 4,5 per cent of the popn- 
lation is far too low an estimate, An improvement in collecting 
these data could 1w made. 

The freqnency of this mixture is probably due far more 
to racial and sociat causes thau in tlie case of the Hawaiian- 
Chinese mixture, where it was due to the relati vely few Chinese 
nomen in the country, 

.TAPANESE DllJ NOf MIX 

The Japancsc who were in a similar position regarding the 
stnall available choice of their fellow country-women as mates 
did not intermarry wilh Hawaiians to any apprcciable extent. 
The advent of the “picture bride” is too recent to ha ve played 
a part in this almost total lack of Japaiiesedlawaiian mixture, 
i found only 2 per cent of those measttred of Japancse-I lawaiian 
flescent and this in spite of the fact that the Japanese furnish 
over 40 per cent of the population, 

Of the 200 people studied, 5 per cent were Hawaiian-Chi- 
nese-White in varying mixtures, the greater number being Yt 
White with Y Chinese and J 4 Hawaiian. Four per cent had 
negro blood. This negro element came, for the most part, 
from the Cape Verde islanders. Finally 2 per cent of those 
tneastired came into a miscellaneous class which includes traces 
of Malay, Tahitian, Samoau, East Indian. different tribes of 
American Indian and a Mcxican. 

Let me give only 2 cases in detaih The first mixture was 
■>& Hawaiian, % Chinese, l A White. % Negro, The second 
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was Y\ Hawaiian. *4 Porto Rican, J 4 Spanisli, Portuguese, 
J 4 Northern Kuropcan. 

Nothing can be sakl at this time reganling the racial char- 
acters of these mixtures, the special racial traits inherited in 
varying degrees as showtt by the head, face auri body mea sure* 
ments. This is a subject for a more extemled treattuent than can 
be given at thi* time. 


FJ-XD FOH STLDY 

1 have sakl enough, however, to indicate that this paradise 
at the crossroads of the Pacific has beeri in very trutli a centrc 
of ivtiscegeuatioti perliaps not equalied in tlie sanie mtmber of 
people atiywliere dse in the worlri. This study of the racial 
complex i ty here opens up a fertile field for tlie eugenist, the 
student of hereditv, the sociologist, the psychologist, and the 
economist as well as for the anthropologist. I cannot urge too 
strongly npoti the loca! scientista this imcxampled opportunity 
for profitabk rescarch whtch they have in their midst. This 
si tua t in n shows in very trnth that the liantis across the Pacific 
are in many cases the hands of marriagc. 

IllUElOCHAPHV 

Tlirum'5 Animal: igo8 Index; 1887. p, 74. Portttgnese; 1894, p. 70. 

Chiuese; 1896, p. 114, General; i8t>8. p. IJI. Japanese: itjij, p. H> 
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NOTES OX 1 'OLYXESIAM FEATl ll*k WORK 
liv Jons F, C, Stores 

No doubt the wearing of feathers originated in the motive 
of displaying trophies of the chase or httnt, i» a manner analo- 
gotis to the custom of wearing humati hair and other sub- 
stances as trophies of battle. As trophies or “first fruits** of 
the hutit, they were also offerings to the gods. The Polynesian 
veneration for feathers may have restiheri from the latter asso- 
ciation, or, may have beeii remnant of a great bird-cult, 

fn using the ternis 'TeligioiT' and “sacred’' in thls contcxL 
the Polynesians’ concepta must be understood. These people as 
exempliiied in Hawaii attributed a divine origin to tlieir kings 
and venerate <1 them as gods. Tliis diti aot imply that humans 
were raised to the heights eonveyed by our ideas of divini tv, 
but that gods, to Folynesians, were little more than huma». 

Gods were present in tnany shapes. In htiman form thev 
differed from people only in su6stance and in tmlimited super- 
natural power, They intennarried among thetnselves and with 
humatis, and hegat children. The distinction between kings and 
guds was the matter of moitaiity, but the transitio» from 
immortal gods to mortal kings in the line of divine desccnt. 
has not been satisfactorily explained. 

YVe do know\ however, that the Folynesians believed in the 
ability of humans to impiant sujjernatural power in Inanimate 
ohjects. and therehy create a god wliich would do the bidding 
of its human creator. It was niuch practiced in the black art, 
and had its parallel in the investiture of Polynesian kings, a 
ccremotiy by whieh the divine poiver was infused into the king s 
jjerson, and whieh I wil! presently describe. 

In Polynesta the use of feathers w r as confined. ia genera! 
to the chiefly or kingly caste, and to worship, 

The sacred oolor was primarily red, as was the sacred 
feather, The Polynesian red-fcather cult had reached the heiglK 
of its developnient in the Snciety Islamls at the time they were 
first explored hy forcigners. Red feathers ha<l then become the 
necessary medium for invoking the great gods, particularly the 
god of w*ar, AU prayers in and out of the temple were said 
over a small btinch of red feathers heid in the fingers, The god 
himself could be implanted in red feathers by contact and 
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prayer, and his presetice might thus Ixr simultaneously trans- 
ferred to huiidreds of homes, while his imagc rcmained in its 
place in the tetnple. The war god was worshippd in bird form 
in Samoa and in bird form or effigy in the Society group, and 
simi lar conditious might have been noted in other islands. 
Effigies of birds were found about tlie tombs of the Society and 
Marquesas islands, but this may have been the effect of a form 
of bird-totemism which was prevalent in Polynesia. A tern 
cult was observed in Easter Island and, as is reasonably showii 
by Balfottr, seems to have been evolved from a frigate-bird cult 
a n a logo iis to that in Melanesia. 

Rarity of feathers played a minor part. as the Hawaiian 
feathered represeutation of the war god remair.ed principally 
red, even though red feathers were so commou or Hawaii as to 
have been enti rei y replaced i:i the royal cloak by yellow. At 
the same time other colors were to be found creeping in as 
complementary to the red. 

The girdles were emblems of royal investiture, equi valent to 
the crowns of monarchy, but as fetishes were far more potent 
because they imbued the w r earer with power direct from the 
god. By inference. their use was limited to certain pure lines 
of purported divine ar.cestry. 

Records of four girdles have been preserved, one each from 
Raiatca 1 aml Tahiti s or tlie Society group, and Iwo from Ha- 
w r aii. The Hawaiian specimens 1 will call a sash and cordon, 
respectively, after the manrter of wearing. The sash* is nearly 
in fragments, but the cordon 1 is almost perfect. The concitton of 
the specirtiens, and a difference in the technique, indicate that the 
sash was the okler and it was probably tlie predecessor of the 
cordon. 

All the girdles were of feathers on a groundwork of net- 
liug. The predumiualizig culor is red, but in three of theui 
yellow was also preseiit, and shadings of black in two, Tlie 
Tahitian and Raiatean sashes were incomplete, as tliey were in 
continuous process of manu facture. Jn Kaiatea, a piece was 
added on the aocession of each new king, The Hawaiian speci- 

J Tyerman & Rcnnet, Journal, vol. i. p, 527, Lomltm, 1831. 

1 Cook’s Third Voyage, vol. 2, p. 37; London 1784; and Eliis, Poly- 
nesian Rescarchcs, vol. 3, p, 180, London 1853. 

’ Mtm. B. P, Hishop Muscum, vol. [T, p. 154, 1906 

* Mcm. R_ P. Bishop Muscum, vol, VTT, (j, J4, 1918. 
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mens diflfcrcd from the others in that tliey were complute; also 
they were fmished with human molars, The proportional meas- 
urernents of the four specimens varied. 

The Hawaiian emblenis have only come io light wirhin the 
last few decades, and we have no Information conceming the 
ceremony of investiture, The late King KaUkaua daimed that 
the cordoti was onc with wliich King Lilua investud his son Limi 
in the temple of Paakalana on the Islaud of Hawaii. This 
I»eriod was about 1500 A. D. In Tahiti and Raiatea the investi¬ 
ture was always conducted with one or more humari sacrifices, 
and at cach ceremony sn addition of feathers was made to the 
sash. As an ilhistraticn of the alleged dynamic force trans- 
mitted through these speciinens, I might mention that there was 
a needle attached to the Raiatean sash, with the tradition that 
110 stiteh was taken but thtmder was lieard in the heavett. 

PccuLiar sacrcdncss is altributed to the islaud of Raiatea, 
Eliis States that it was the cradle of Polynesian mythology and 
the birthplace of the great Southern war god. Oro. 

During a ceremony at Tahiti in preparation fer war, the 
sash and the represemation of the god Oro were wrapped up 
i 11 similarly shaped bundles and laid side by side on the altar. 
There was as much veueratiun paid to the sash as to the idui, 
which latter was merely an uncarved log of wood with red 
feathers attached, On the accession of a new king, the heir was 
invested with the sash by the high priest. As the priest girded 
on the emblem, lie prayed that the king s influence might Ite 
extended far over the sea. He then describet! the sacred nature 
of the girdle, concluding with the words, “This, O Kmg, is your 
parent,” meaning. as Eliis stated, that all the kings power was 
derived from the gods. 

We have heen ahle to traoe this systeni of investiture back 
to the year 1250 A. D., when, as Percy Smith shows, Tangiia, 
a Tahitian chief, defeated in 1 battlc in which his sons were 
kiiled. was in fiight for Rarotonga, He was engaged in invest- 
ing with the sash the son of a chiefly relative when the dreaded 
enemy came suddenly upon him, and the ceremontes were sus- 
pended. Tangiia finally settled in Rarotonga and had other 
sons, and undoubtedly the sacred emblem went with him, On 
account of this tradition 1 believe that the rite was contimied 
in Rarotonga, but as the Hawaiians have l>eeu mi secreti ve ahout 


Digitized by Google 


□ rigida from 

HARVARD tJNIVFRRITY 




78 


In-Pacific Scientimc Cospehknck 


their emblem of royalty it ts probable the Rarotongan eniblem 
lias not come to light for a similar reason. 

An earlier date for the custom was sel by a Hawaiian 
tradition (borrowed from the South) as jt is stated in a enant 
that Hema weiit to "Kahiki” (a portio» of PolynesSa not identi- 
fied) to get the rerMeather girdle. but he died instead, The 
period of Kema is set as the seveiith ceittury by Percy Smith. 
who places the date of the arrival of the Polynesians in the 
Pacific as only a few centuries earlier. 

Tahitian inyth carri es the custom back to the begtnnmg' of 
time when gods begat kitigs by tbe common people, kings who 
on account of tbe plebeian adulteration were not etititled to 
wear the sacred eniblem, 

New Zealand was too farge a comitry and its tribal inter- 
ests too varied to be United under a single Polynesian monarch. 
Its cliiefs also were probably too distant from the line of divine 
descent. This may account for the investure of an idol, instead 
of a hnman with a rcd-feathered fringe. 

We get a cmitinuity of form in the sasli which is merelv 
incidtnital and eontrolled by the manner in which the ettlblem 
nmst be wom. The materia! on the other hand is controlled by 
the religious purpose of the garment. 

I ha ve shown that the making of feather girdles was a 
very sacrerl undertaking, In Hawaii the manu factu re of royal 
cloaks and helmets was also conducted under the tabu, hut as 
far as known. was not accompatiied by hnman sacrifice. The 
lielmet was prohahly of greater regard than the cloaks as it 
was to come iit eontact with the beati—tlie most sacred part of 
the hody. The restrietions during manu facture of feather gar- 
ments were prohahly genera! in Polynesia, as irnplied by the 
description of the mottrner*s ml>e in Tahiti. 

T ha ve bcen ahle to fimi no reference to the existence of 
the girdle in tlie other large Polynesian groups. The perpetua- 
tion of the custom wonld require a hereditary monarchia! gov- 
erimient of an tsland or growp by very tabu Itings. Tbe top*- 
ography of the Marqticsan group would akl the independence 
of valley chiefs. tending towards tribal conditions as in New 
Zealand. Iti Tonga tlie necessary conditions seemed to have 
existed. In Satnoa the idea of monarchy was recent. s 

1 Siilce reailing this paper I havf been infnrmerf by Dr_ W. E. 
SafEord that 1 k was well ;ic«|ii;iiritcd with the Maltcioa family and that 
he was sure that no cusioni of n vestitu re with a feather girdle was in 
vogne in Samon. 
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With the evhlence at present available. we inay tentativcly 
conclude that the right ot investiture with the girdle belonged to 
a Polynesian family of high tabu, centered in the Pacific in 
tlie Socicty Islands. The ilegrec of sanctitv attributed to the 
featber girdles. however. vas probablv far greater tban tliat 
assigned to any other form of feather garrient. 

I now wish to emphasize poirts of difference between the 
northem and Southern Polynesian helmets or hearldresses. The 
former is represented by one generat type, the Hawaiian lielmet. 
The Southern beafldress was in genera! of fromlet form and 
retained this feature even in its greatest development— the 
Tahitian fau mentioned below. 

The theoretical evolution of the Southern headdress can 
withont difficnlty he traced from detached feathers nsed for 
head orn amentat ion as in New Zealand. bnt we need only follow 
it after it took on a fromlet form* It seetns to have passed 
through one of two such forms, either a string of feathers 
bimched togethcr as found in Tonga, a or in a b&ndage of coir 
holding erect plumes of feathers as in the Marquesan group. 7 
Mnst likely it was from both. The eombination may be illustrat- 
ed by another specimen* from the Marqtiesas. where we bave 
a feathered frontlet. widely extended, with strings on the inside 
for plumes. 

To retnrn to Tonga. one of the frontlets bas just beett 
mentioned but there was another,* very elaborate, wom only 
bv the king. It was of the coronet type, a cap with long erect 
feathers arouud its border, reaching across the forehead and 
extetiding backwards. Small red feathers, in the mamier of 
thatching. were fastened to each erect featber for its full length, 
and the resuit was a coitspicuous headdress. 

The caps of the Cook islanders, were broad banrls with 
mimerous feathers and high plumes. One forni of those in 
the Austral Islands was described as well made and graceful, 
in comparison with the Tahitian specimen.. It was of cane- 
work and stifF cloth. The lower part of the front was of red 
and green featber*. and above was a line of tropic bird feathers 
fixed to a frame. The description conveyed the idea of a 

4 Co6k's Sceond Voyage, Pl. XXI, tig. i. 

t Cook's Steond Voyage, PL XVII, lig, 4. 

H Mtm. B. P a Bishop Museum, vol. f + p. 448, is^, 77, T&99, 

# Cook H s Thircl Yoyage, Pl. XVIII. 
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frontlet combined with a plumed fringe as illustratcd by tlie 
fan mentioned below, but of more modest proportions. 

The fan 10 of the Society islands, a war dress as were tlie 
others, vas wom by ottly the most distingnished men, The 
wearers served as rallymg points iti hattle. Tliis high frontlet 
was of green feathers, bordered. in white. and fringed with the 
long tail-feathers of the tropic bird. Its snpport was a cylinder 
of o]ien cane wurk, earried to a hcight* as clescribed, of two or 
three feet. In Tahiti there was also a frontlet of cloth, with 
a btmch of tropic-bird feathers pointing forward from each end. 

The only other examples from the South are fron Easter 
Islaud, vhere there was a frontlet of numerom creet chicken 
plnmes. 11 There was also a circlet of feathers for the head 
Tlie Samoan war headdress was principally of hair but with 
a few tmpic-bird feathers placed erect. It did not convey the 
idea of a fcaiher frontlet. 

In the Nortli, 1 can find but one resemblance to tbc front¬ 
let i,e, in the feather wreath cafled lei wom by women. and 
somewhat analogous to the Easter Island circlet, The Hawaiian 
feather helmets were in another class, of strong yet light wicker- 
work, close-fitted to the head, even to provisions for the ears. 
They were stotit enough to with sta wl the blow of a chib. The 
range of fornis may Ixt shown by two speci mens, oue compara- 
tively simple in design 13 and the other with open supporta for 
the crest. 13 The main feature is the crest, which has been taken 
by some as evidence of carly Spanish contact. The Hawaiian? 
were good imitators, as were Polynesians generally, and made 
feather hats exactly after foreign pattem. lf a model of a 
Spanish hei met of the period were placed by the side of a 
Hawaiian helmet it would be seen clearly that ore was not imi¬ 
ta led from the other. Brigham. when discussitig the origin in 
his account of die Hawaiian feather work 14 pointed with more 
reasons, in the directiori of Melanesta, where the crest is fonnd. 
Hc finally suggested a local Hawaiian decelopment. 

" Park1nsoo‘!i Jcnirm), FI, XI, Ltwdon, 177.1. This piate should 
be exn mincti togctlicr with HoflpeV illunniiions iti Cook*s Seconti Vpy- 
a*c, Pl. LXT, 

” Cock's Secnnd Voyagc, PL XI,VI, 

"Mcm. B, P. Bisliop Mnsetini, vol, I, p, 5. fig. 2 , 1899. 

"Meni. H, P, Bishop Muscum, vol, I. p. 447, lig. io. 1890. 

M Meni, U, P, Bishop Muscum, vol, 1 , p. 40, ifttyrj. 
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The Hawaiians losl touch with their Southern neighbors 
aliout the year 1300 A. D. so that they vere left for 500 years 
to develop hy themselves before Cook’s arrivaL 

Some interesting features are suggested by the comparistm 
of the gtrdles aml headdresses. It is evident that contact of 
the-Hawaiians with Southern Polynesia is shown by the girdle 
investiture, the custoni having probably been horrowed from 
the Society Islands. The verv sacred nature of the girdte would 

be sufficient to in sure the contimiitv of the custom until modern 

* 

historical times. 

On the other hand the Hawaiian head-dresses, and other 
f eat lier work in some degree, would imply a separatiori of long 
diyation from the Southern grotips. There was enough inter¬ 
co mmunicatio 11 arnong the Southern Polynesians to explain the 
contirmity of the frontlet form of headdress, and there is little 
dtiuht tliat tf the Hawaiiati helmet had been evnlved before 
communication ceased with the Southern groups, its form would 
have been foiind in the latter islands. The Iasi traditional de- 
p&rturc from thia group for the south was tliat of Laamaik&hiki, 
about 1300 A. D. While I am inclined to believe that the Ha- 
waiian helniet was locally developed since that date, it shoukl 
be pointed 011 1 that there are traditions of the arrival here of 
more than one company of strangers between that time and the 
coining of Captain Cook. The sacred nature of the heatldress 
was evidently of lesser degree than that of the girdles, or there 
would have been less variatiori. 

The reftrences to the girdles may also serve to place one 
of the localities known to the Hawaiians as "Kahiki" (Ilawaiian 
form of Tahjti.) The Hawaiians claimed that they came froni 
'‘Kahiki” but applicd the ttame in general to any foreign country. 

The Hawaiians have severa 1 , groups of traditions, one to 
the effect that the first Hawaiian was Wakea (390 A. D., Smitids 
chronology) who introducet! taro into the Hawaiian Islands. 
Another claim is that Mawaii-Loa (200 years carMer) discovered 
and settled these islands. There are no accounts of other immi¬ 
grant s until the twelfth cemury A. D. 

Fornander 39 localizes iliese early Hawaiians elsewhere, and 
while suggesting in various parts of his vvork the probability of 
a very early settlement in Hawaii, makcs with necessary resei> 

‘‘Polynesian Rsice, vol. r, p, iAS. 
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vations the following propositions deduced from a study of the 

olti traditions: 

r, At the close of the first and during the second century 
A. D.. Polynesiatis first arrived in the Pacific, establishing them- 
selves in Fiji and spreading to Samoa, Tonga, anci otller groups 
eastward and notthward. (Tercy Smith’s chronology, 390-450 
A. D.) 

2. During the fiftli century Polynesians settled in the Fla- 
waiian islands. (Smith, 650 A. D.) 

3. During the eleventh century and for five or six genera- 
tions afterwards parties from the Marquesas, Society, and Sa- 
moan groups arrived at and maintained an intercourse with 
the Hawaiian group, (Smith, 1100-1325 A.D.) 

Percy Smith mentions the probability of two groups of 
Polynesian arrivals in the Pacific, whose periods rniglit bc di- 
vided by the year 450 A.D. ‘‘From the want of any direct 
traditions amongst die Samoans and Tongans, it is probable 
that they had preceded the others and were the first to enter 
the Pacific. They have been so tong in their present homes 
that ali traditions of their arrival is lost, and hence they have 
come to look on themselves as autoehthoncs/' 10 

Commencing approximately with the year 450 A.D, and 
continuing for some centuries afterwards, there followed other 
Poiynesians who brotight new customs, settled in Fiji, Tonga, 
the Samoan Coastal region and extended through the Pacific. 
These people, called M aor i-R a roton gan s by Smith, were in time 
able to control ali the earlier Polynesians, except the Samoans. 
According to SmitlTs clironological table, they reached the 
Marquesan group in 675 A. D.; Taliiti* prior to 850 A. D,; New 
Zealand 850 A. D.; Rarotonga 875 A. D.; Panmotu group 1000 
A. D., and, as he infers, Hawaii 111 650 A. D. The last was 
probably not until 1 roo A. D. 

The early Tongans were apparentiy overwhetmed by the 
later migrants, so that the lines of detnarkation between the 
earlier and later cultures are not now distinet. The Samoan 
culture in the inain stirvived, with suth additions as contact 
would bring, as the Samoans were able to repel the later people, 

If wc compare the Samoan culture with that of the Society 
group. where the later migrants appeared to have had the 
greatest influence, we find iti Samoa, among other features, 

"Percy Smitli. Ifsiwniki, p. 153. igiO. 
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platformed foumJations for temples, and an absence of heredi- 
tary king-ship, of idols or images In worship and of human 
sacrifices. In the Society grotip, the last tfiree features were 
characteristic, and the temples were walled enclosures except 
for sucti as may be traced to earlier influences. 

The features memioned a bove as Samoan were in ex i st en ce 
in the Hawaiian islands prior to the tweHtb century when the 
later migrant* began to arrive in tbis group. 1T We may there- 
fore consider t:ie earlier people as of the same stock as those of 
Samoa though not necessarily coming from that group. I do 
not believe that the arrivals in Hawaii of 650 A.D., of which 
there are no Hawaiian traditions, were of the later migrants,, 
and consider it more probable that they were of the earlier 
stock from the south wbo hact prcviously spread through the 
Pacific and were bcing displaced through the pressure of ihe 
later migrants. 

It is not difficult to clioose the period to which the royal 
girdle investiture belonged, as the hereditary king-ship and the 
e vident growth of priestly power, as shown by the change in 
worship. w'ou1d mark it as the second period. 

It was therefore an acquirement after the early migrants, 
imw representetl by the Saniosus, had left the parent stock. 
Rut whether it resulted from contact with otlier people or from 
dcvelopment of the idea of royalty it is difficult to surmise. 
It is equally difficult to surmise if its development took place in 
the Pacific. I will content myself therefore with the attempt to 
slvow that it became localized in the island of Raiatea and thence 
spread to some of the other groitps. 

It is more convenient to begin with Hawaiian traditions. 
In rcadjng Forriatidcr s account of the arrivals in Hawaii duritig 
the later period, we find among others the names of:—Nar.a- 
tnaoa, wfiose son Nanakaoko, a chief of conside rabie note on 
the island of Oahu. established the sacred chiefly birthplace 
called Kukaniloko: Paumakua, whose son Haho established the 
Ahaalii on Mani; Moikeha, the chief of Southern extraction 
born on Hawaii who went to "Kahiki" and returned to the 
Hawaiian group, becoming king of Kauai through his marriage 
with the daughter of the Kauai king; and Pili-kaaiea, who be- 
came king of Hawaii (about 1200 A.D., Smith’s chronology). 

11 Fftmander, Polyncslan Rare, vol. 2* pp. 58-67. and Kepelinn Ms, 
(Caiholic M is sion. HonoluluH 
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As the girdle investiture has been attributed ordy to the 
i si and of Hawaii. tlie choice would naturally incline to the last 
meiitioned. There are however other circunistances seeming to 
confinii tliis. 


One of the arrivals of tlie later periotl was a priesi named 
I ’aao. whosc first reported actiou a fler landing 011 the islawl of 
Hawaii, was the building of two teni|>les of the endo sure type* 
Finding that conditions were favorable for the establishment of 
a new king. Paao sent to “Kahiki " and indttced Pili-kaaiea to 
accepi tlie throne of Hawaii. The latter was installed in his 
new office withotit recordet! opposition at the tinie frotn the 
i si and cliiefs. a condition which can onlv 1* cxplained by the 
probabiliiy that an umtsually higli tabu family rank was d ai meti 
for hini and that the claim was admitted by the resident ehiefs. 

As far as traditional evidence is of value, the circunistances 
as abave mentioned, after considering the claim for distinctiori 
of the other arrivals, point to Pili-kaaiea as the king wlto intro- 
duce*! the girdle investiture into Hawaii, 

It is «linettmes dangerous to place rdiance ™ coincidences 
in name*., bttt I shottld point out that Fortiander was in sonte 
rloubt in regard to the spelling of Pilfs name. ls Ka atra means 
“the fatigued,” bvit kaai is Hawaiian for "girdle” and ea, "spirit, 
vita) breath." so that the combinat ion might with some sligdit 
slretch of the imagination he transi at ed as "divine girdle,” On 
the other haud, if the uanie were spelled Pili-kaaiia. it would 
meau "girdled Fili,” and teave no riouht as to the significancc 
of the name. Fornander s dnubt as to the correct spelling of 
the name Icaves the way open for this suggestion, 

Fn mander 1511 was of the opinioti that Paao and Pili-kaaiea 
came to ] lawaii from Samoa oti accoitnt of the traditi ons that 
Paao came from l'polu and owued laitds in Yavati. (Tonga). 

IVrey SmitlP" in his researches has ascertained that Upoln 
was also one of the ancient nanies of Tahaa. the islatid of 


" En ilie r"ir>i volunic of tlie "Pnlyncsian Race M it 
times, twicc rili-kiiiaca and rmee as Filikncaea. fn the 
it w;is liicnlioned six times, witli simitar lelters; three 
surtiamcd Kaaiea." Iwicc as Pilikaaica. and oncc as Pili 
are fniir forms of this terni, ktitri, baci. kafuii, and biihci, the distinctioris 
helween which the hest-informed Hawaiiatis of lodav camiot expialn, 
Malo, the Hawaiian historiali nses fciwt. It was prohahly a terni not in 
commoti use. 


occurred three 
second vohime. 

times as “Pili. 
Knatea. There 


Pulytiedan Rare, vol, 2 , pp, ,13-,15. 

^ Percy Smiih. Elawaikt, j». 2(12, 1910. 
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Raiatea, and that Yavau was a former name for Polapota. alxwt 
20 miles to the northwest. 

Eliis* 1 lias referrer] to the former importance of Raiatea 
and its sacred place of Opoa. from wliich "distant colonies are 
said to ha ve proceeded,*’ to wliich rtisembodiect spirits returned, 
and oflferings were brought not only from the Society group 
but "from the more distant islands to tlie south and southeast.” 
It had an enclosed temple where "human immolat ion was f re¬ 
ti uent.’* Tyerman and Hennet** tnentioned that Tamaroa, king 
of Raiatea. "w.as of the genuine royal blood which from time 
immernorial had supphed princes to ali these [Society] islands. 
both windward and leeward.” Perey Smitli*® shows that a 
colony has even proceeded from Raiatea to New Zealand. 

These combmations of circwmstances seem to point to 
Raiatea as the island from which Pili-Kaaiea came to Hawaii 
and that the "Kahiki’ 1 of' the Ilawaiians conceming this king 
rcferred to Raiatea, not Samoa as believed by Fornander. 

It is probable that tlie Tahitian girdle-invesliture previously 
dcscribed was adopted from Raiatea, but this matter can not be 
cleared up without reference to Tahitian and Raiatean traditions 
which are not available here. 

A previous reference to the time wheti kings* 4 born in 
Tahiti who were not entitled by blood to wear the girtlle may 
ha ve refer red to the early Polynesian period, or to a time hefore 
fine of the Raiatean family was called to the throne of Tahiti. 

n PoJynesian Resta rchcs, vol. 2, p. J15. Loti (Ion, i»5J. 

"Joumal, vol. 1, p. 519, Lotnion, i8jt. 

M Percy £mith h HawcLiki h p. 263, 

w Chiefsf?> as the Polynesiaa icrms ure not ulways definita 
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HAWAII AN TEMPLE STRLCTLKES 
L>y Thomas G. Thkum 

' Among the varicus archaeological remains found in Hawaii 
probably *he heiaus (temples) take first place as materia! for 
consideration, not only for tbcir atitiquity but for the promi - 
netice they hel<1 in all the islands of the group for both priestly 
and political power, No other reason can be assigned for the 
mimber of temple ruins yet remaining, and the vaster number 
revealed to iis by history and tradition. This field of inquiry 
and in vestigat ion has been entered upon only withir. tlie past 
few years—and that not exhauslively—yet the pioneer effort 
bas been rewanled by tlie locating of some four hundred and 
thirty heiaus and heiau sites on the islands of Hawaii, Maui, 
Molokai, Oalui and Kauai. 

Tradition marks two well defmetl periods in the temple 
structure and worship of tbese islands detenniiied by the advent 
of Paao, the bigh priest from the Southern Pacific, in the 
eleventh century. 

The type of structure prevalent prior to his arrival differet! 
outwardly by liaving a pyramidal truncated form, a few ruins 
of which were in evidence at the opening of this century, two 
on Hawaii, and one each 011 Maui and Molokai, Whether this 
was a universa! type or a special form is not known. It is not un- 
likely the latter, for those iliat survived to share in the over- 
throw of idolatry by Liholiho in 1S19 were above the avcrage 
in size, Jt is quite possible that these may ha ve been structu res 
of the later period bili It aftcr the aucicnt plan, as memories of 
tlie past, for it is beyond probability that structures of loose 
stones. without mortar or adhesive material, characteristiq of all 
Hawaii an stone work, would survive several hundred years. 

Tradition Ii>cates tlie erectum of the first temple in tliese 
islands at Waolani. Nuuami valley, to identify it with Wakea, 
anccstor of tlie Hawaiian race. The general plan of this original 
lieiau is set forth by native historians. and is said to have been 
followcd dovvn to the time of Moi, a noied priest of Molokai, 
wbose temple of Maniuiaiake, at Pelekuntt, conformed theretn. 
fntler this early regi me, the heiau with its presiding chief, 
officiat ing priest, and prepared, sacrifices, were in plain open view 
of tlie assembled congregat ion, wbo heard the pravers and saw 
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The sacrifices and could res porxi imelltgeiitly to the invocations 

of tlie priests. 

Heiaus were of several kincls—all open to the heavens, 
never under cover—and it is somewhat remarkable that no two 
arc fomul alikc in all the islands, notwithstandmg the original 
plan kiid down. Tbey not only differ in plan and size for the 
kind of Service intended, but are affected by locat ion, soirte being 
constructed upon carefully leveled ground, and pebble-paved, 
others conformjiig to the natural contour of a possibly advan- 
tageous hili site. This rtiay not apply to the earlier period of 
opett type structures. 

Paao, already referred to, on his arrival landed at Puna, 
Hawaii, and there erected his first heiau known as Wahaula, a 
walled and paved structure of the luaktni dass, 72 Feet by 132 
feet, remains of which are stili in fair order, owing to repairs 
at the hands of various kings down to the time of Kalaniopuu. 
its last renovator, about 1775. A high stone endosure reaching 
nearly to the shore line gives it an extensive adjacent working 
area, most of which was at one time paved and pebbleth It$ 
modeh made to scale, showing a quadrangular or parallelogram 
form characteristic of the new regime, may be seen at the 
Bishop Museum. Paao's next structure w r as that of Mookim, 
at Puuepa, Kohala. It had inasstve walls, 135 feet by 267 feet 
stili in fair condition. Both of these temples are of the human 
sacrifice class, and marked a new epoch, for with the introduc* 
tion of this weightier of penaities to the temple Services came 
also the introduction of severa! new gods. when worship of the 

visible imagc took the place of that which had hitherto typified 
the 'jTiseen deity. The new type of Structure among other things, 
incliided the lua pa’u (bone pit), and the hole-holc stone where- 
on the flesh was separated from the bones of a victim, The 
bone pit of Mookini is with in its seaward wall; this feature at 
Wahaulu is served by the nearby cove of the sea-coast, while 
the hole-hole scone is outside the walls of the former and with- 
in that of the latter. The massiveness of Mookmi’s walls is 
unusual, the height havjng been over twetity feet, with a width 
or thickness of eight feet on top and thirty feet at the base. 
Fomandcr says; "The stones of which it is built are said to 
have come from Pololu valley, some ten miles distant, which, 
according to tradition were passed by hand from man to man 
the entire distance, a feat requiring at Jeast i$,doo men.” 
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AII the priucipal islatids of the group sliow a number ot 
extraordinarily large heiau*. indicative of priestly power, royal 
ambition, and a dense population, Among the more notable of 
these temples is that of Malae, in Central Wailua, Kauai, a 

vvalled and paved structure 273 feet by 324 fcet in size. of 

traditional Menehune construction. its conters buttressed witli 
thirteen foot svalls. Only two of this type have so far been 
discovered, 

Oahu’s most notable heiau is that of Pini o Mahuka, situ- 
ated on the slope of Pupukea. overlooking Waimea. It is a 
walled temple. onee paved. of double end-to-end structure, run- 
uing 467 feet iti length, the upper section being 127 feet in 
width by 281 fcet in length, and the lower division 168 feet in 

width by 186 fcet in lengtli, Its internal features also diflFer in 

several respects from any other found. 

Maui has the distinet ion of possessing two ruins of un- 
usual interest; that of Loaloa in the Kaupo district, and of 
Kanekauila in the adjoining Kipahulu district. The latter oc- 
cupies a ciear spacc of 250 fcet by 173 fcet. 011 a knoll whose 
seaward face vras built up and leveled vvith a considerabit* 
anionnt of stone work. The lower walls and much paving stili 
strrvive, although the aneient temple features have been removed 
by time. Its site has been utilized the past fifty vears or more 
by the Catholic churcli of the district. 

But for size, amount of stone structure, and type (if it 
couhl lie understood in its uvorking order) the pahn must bc 
accorded to Loaloa, a walled, paved temple of two or niore sec¬ 
ti on 5 built up high at the point of a hili spur in the land of 
Knnumut, Kaupo, by three €>r four tiers of stone, the seawartl 
face of which measured 101 feet, The fnll length of I^oaloa 
could not be ascertamed, its inner section being lost in the 
jungle; but measureinent of the outer division gave a length 
of 264 feet for apparently the smaller half. Runuing nearly 
across the heiau some twenty feet from the higher and less 
disturbed section is a distinet path of broad, smooth stones, as 
in the temple of Puukohola, at Kawaihac, Hawaii, This strue- 
ture is creditcd to King Kekaulike, about tbe year 1730, 

Molokais right to heiau distinction is in her temple of 
Iliiliopoi (referred to by Fomander as Iliiliopae) in the Mapu- 
Ichu valley. It is built across the end of a ridge by retaining 
walls of several terraces. and is noted for its size, its age and 
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traditione. It i* imich reduced frcnn iis original dimcnsions, a 
large section liaving been carried away by a heavy flood. It is 
said originally to have covered three times the present area and 
was of a different type, possibly a walled temple. Its reconstrue- 
tion is credited to Kaalauohua, a ruling Molokai chief of the six- 
teentb century. Its ruins show a floor airface 85 feet by 268 
feet, and a erneiform pavernent similar to sonie temples on 
Hawaii ascribet! to Umi. 

Resides those of Paao on Hawaii, already dealt with, are 
several in the district of Kona worthy of note, for no less tban 
thirty-seven heiaus have been identified in this histone district 
of kingiy and priestly power, several of which are attributed tQ 
Umi, and are known by the peculiarity of his stotie work. One 
such temple was erectcd on the top of Kukii hili, in the Fima 
ilistrict, the stones of which were so closely fitted that, accorditig 
to native tradit ion, a spear of grass cotild not be inserted be- 
tween. 

The crowning- structure of this ancient king is the Ahna 
a Umi. sttuated 011 tfte l)igh plaieau of Kona between Ilie moun* 
tains of Hawaii on the stope of Hualalai. at some 5000 feet ele- 
vation. The ruins of today show much change from the plan 
given by Wilkes in the accoimt of his visit in 1841, which may 
be readtly acconnted for. This structure, erected about the year 
1520. is a walleri memoriaI of several divisions, with eight stene 
piles surrounding it. What is termed the lieiau, though tradi- 
tion says Umi planned it as his mon ument, now meas ures about 
”4 feet hy 93 feet, with walls seven or more feet high. The 
sione piles arouml the structure, some ten to twenty feet away, 
termefl pyramids by Wilkes, were about Iwelve feet in diameter 
and from twelve to fifteeti feet high. Thesc were said to repre- 
sent the districts of Ilie island. 

It remained for a later king to erect a more lasting memor- 
ial, the famous City of Refuge, at Honaunau, Kona, Hawaii, 
which. while credited to Kanuha in meniory of one of the 
Keawe’s, may properly have been built by Keawemii, about the 
year 1570. In fonn it is an irregular parallelograiu, walled up 
on one side and at both ends, the otlier side being the sea shore. 
An early visitor described this enclosure as 715 feet in length 
and 404 feet in width, with walls twelve feet high and fifteen 
feet thick, in which were holes about four rods apart wherc 
large irnages had formeriy stood. Witbin this enclosure were 
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three heiaus, ivvo of which were in bad repair, while the third 
was nearly entire, a compact pile of stones built np in a solid 
mass, 126 feet by 65 feet, and ten feet high. Many pieces of 
lava rock, of two or more tons eaeh, were seen jn severa! parts 
of the wall, raiscd at least six feet from the grpund, There 
are also the Keoua and Kaahumanu stones, both of immense 
size, of scjuared forrn, near the lower temple, The whole prem- 
ises have reeently becn put in order for preservation, and care- 
fui study is being made of their construction features. 

Mention has becti made of the dissimilarity of the heiaus 
throughout the islands, Tliis is true especially of the internal 
piam Malo and Kamakan list the heiaus as of four or more 
in kind or rank, but nnfortunately their descriptions and state- 
ments of the purpose for which the temples were built are 
vagtie, and in sonte cases confiicting, 

The most important heiaus were ternied luakini, a clafs be- 
longiug to the king only, that is, erected by his order, to aid 
in war or to celebrate a victorv, They were usually dedicated 
with one or more humati sacrifices; lien ce we find the term 
fyookatiakn {man*s head) applied to all temples of the luakini 
class. 

The next grade of lieiau, while belonging to the king. 
could also be built by the chiefs. Thesc temples were knowti 
as ivaihau, and unit, and the ofFerings consisted of pigs, ban- 
atias and coconuts. The term unu lias often been found ap- 
plied to heiaus of the severe, hutuan sacrifice class, which leads 
to the suppositiori that it refers to the structure as of platform 
ratlier than the walled type, instead of indicating a class of Ser¬ 
vice. 

Next in grade were the temples of the commori people, of 
which there were several kinrfs for the farmers, the fishermen 
(Koas), and others, llence the wide range in size from twenty 
Feet square to several hundred, Tliis however does not explain 
die diversity of shapes in those of the same dass. and leaves 
us unfortunately in ignorance on important points of temple 
structure, and ceremonics attending the ancieut worship of 
I lawaiians. 
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AXTHROPOLOGY OF THE PHILIPPI NES 
liv A. L, Kroeber 

I heartily endorse everything Dr. Wissler has said aboui 
anthropological method, I think it can be said to-day with com¬ 
plete fairness that there definitely exists such a method, which 
is as clearly applicable to the humati probi em s of race anrl cul¬ 
ture, as is the respecti ve case for geobgy and botany. Just as 
tio student of these Sciences would assume to solve problems 
of the earths crust or of the oiigin of plauts by other than 
by geological or biologica 1 means, so no uiodern anthropolo- 
gists would attempt questions of race origins or developtnents 
of civilization by any but his specific method. Dr. Wissler has 
covered this ground so well that I prefer not to dilate upon hir 
potnt of view, but rather to give some of the results of this 
inetltod as they have been worked out for a particular area— 
the Philippine Islands, 

The Philippines lie on the border of the Pacific, as Hawaii 
is tiear the center, The two groups form part of the same 
geneial area, and further are connected in an ultimate relation- 
ship. The precise degree of this rdationship remains to be 
ascertained, but the two archipelagos show a similarity probably 
in race, certainly in language, and very likely in culture. Con¬ 
sequenti}’ therc seems some promise, if we apply to the prob¬ 
lems of Hawaii and Polynesta proper the mcthotls of attack 
which have yielded at least preliminary results in this related 
area at the fringe of the Pacific, tliat valid jnferences can be 
obtained here also without undue difficulty. 

The situation in the Philippines is this, There are, besides 
immigrante of recent centuries, three race elements of distinet 
origin. The earliest of these are the Negritos, a race of dwarf 
hlack people with broad noses, black skins, woolly hair, pru- 
truding jaws—in Fart, Negmid in every respecf except slature. 
In this trait tlieir average is barely five feet, far below almost 
all races of mankind. According to every indication, the Ne¬ 
gritos were the first occupant s of the Philippines. 

Later came a race of brown people: early Malayans or 
Proto-Malays, some authors have called them; Indonesians is 
another nanie for them. They came presumably from the West: 
possibly from Asia. They encountered the more primitive 
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hlacks, assimilated or exterminated them in rhe smaller islands, 
and drove them back to the interior of the larver ones, into the 
seeurity of the Central mountains, whereas they themselves oc- 
cupied the fertile lowlands. 

The third populational strain consists of a race closely al- 
tied to the Malays and Javanese, and whom we may call thc 
Malayans proper. They were brown-skinned and lank-haired. 
rather similar to the Proto-Malayans or Indonesians and almost 
certainly related to them. But the Proto-Malayans or Indotie- 
sians are shorter statu red, broader nosed. and longer headed— 
sufficiently different to enable us to disiingttish these two brown 
races. Now the later Malayans took much the same historical 
attitude toward the Proto-Malayans that these had taken toward 
their prcdecessors, the Xegritos. They may have been more 
or less munerans, but they certainly possessed superior arts and 
a more advanced culture. Thus they drove the Proto-Malayans 
inland. The resuit b that in the larver islands, w-here aborigi- 
ual cotiditions are best preserved, we fimi the race map disposed 
much like a target. The bulPs eye is a little groitp of Negritos 
in the inaccessible mountains. Snrrotmding them is a ring of 
Proto-Malayans, more civilized than the Xegritos, but less so 
than the Malayan coast people. These in tum form the outer 
circle, holding the best of the land along the shore and in the 
plains. Such is an outHne of the salient facts as regards race. 

The language sitnation is very much sirnpler on its face, bui 
in a way perplexing too. AU three races now speak what are 
only dialects, surface varieties as it were, of one fnndamental 
tougue. Now the Xegritos mnst once ha ve had a language of 

their own; and, thc two browti racial clcnicntg having bccn 

sepa rate <1 long enough to rlevelop the physical differences re¬ 
ferrer! to, we rnight expect that they would liave been differem 
tiated alsr> in speech, Yet, strangely enough, no such basic 
division is apparent. The difference between the dialects of 
Proto-Malayans and later Malayans is often no greater than 
that between two Proto-Malayan or two later Malayan groups. 
As regards the Xegritos, it must be that because of their nu- 
inerical and cultitned inferiority they have gradually given tip 
their old tongue and adopted that of the more powerful brovvn 
peoples surrounding them, 

When we come to culture, in other words the arts, customs, 
institutions, religion. that whoJe Ijndy of human knowledge that 


Digitized uoosie 


Orginal from 

HAKVAKD UMVbK^HY 



Rac* Relatui xs 


93 


makes up the civilizatiou or mode of life of peoples, we find 
conditions more complex than either in race or languagc. As 
we review the many nationalities of the istands we can trace 
at least half a dozen gmups of factors that ha ve gone into the 
hnilding up of their culture. We can even pruceed as a geolo- 
"■ist vvonld. beginning with che latest and workjng hackward in 
time to the earliest. dtscovering so many strata of deposition. 
as it were.. 

The first or topmost of these cultnral layers is that (lue to 
the Spaniards, who introduced, to the majority of the nadves at 
least. Christiamty, cohcrent political institutione pattcrned on 
those of Europe, the Roman alphahet, trade, many new arts. 
and cenain food plants. uotably maize and ]>erliaps camotes. 
Tliis Caucasian civilization is so well known to us that we may 
pass it hy to penetrate to the others that underlie tt. 

Xot cjuite two hundred years hefore tlie Spaniards reached 
the Philippines. the Mohammedans had, come, These may ha ve 
incUttkd sotne Arabs, but consistet! chiefly of Malays who had 
been converted to fslam, Wherever these Moham medians ob- 
tained a foothold, thev established little kitigdoms or sultanate*. 
introduced »ew laws, broughL in Muliammcdanism, and in cou- 
nectioti with it the Koran and Arabie script. Tliey also intro- 
duced firearms. In many other respects they did not work very 
niaterial changes becausc they wcre themselves rather thinly ve- 
neered with Mohammedan civilization. Also, being couquerors 
few in mimber. they were not particularly concemetl in chang- 
ing the mode of life of their subjects, but lcft them free to re- 
main as they wished as long as they paid tribute. Further. 
the Mohammedan conquests and cotiversions never exteiuled 
mttch beyond the Southern part of the islands, 

Preceding tliis Islamic one, there was a ninch more 
important wave of civili zational infltience: on the whole, the 
most important of the several that ha ve reached the Philippines, 
It emanated from India, and involved religion. knowledge, and 
many arts. These elements of culture were probabty not carried 
to the Philippines by the Hindus themselves, but imported from 
Java. or other East Indian islands. where a strong Hindu in¬ 
fltience began to be establishcd about two thousand years ago. 
Urabminism as sucli seenis never to ha ve been introduced into 
the Philippines t but any mimber of its ideas and fornis did reach 
the archipelago: and with them many worrls of tlie SansWrir 
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language, and the first System of wrirmg—not yet whnlly gone 
out of use—to be employed by any Philippine peoples. Of in- 
ventions, the technique of iron working is probahly the most 
significant. 

There is another group of culture elements that can be 
definitely traced to the outside: those of Chinese origin. China 
lies nearer the Phihppines than does India, and its civilization 
was equally ancient and advanced. Chinese ships are known to 
have reached the archipelago some seven hundred years ago and 
may have visited it long before. Yet, it is illustrative of the 
temper of the two nationalities that whereas the Hindus gave 
Hberally of their civilization, particularly on the religious and 
spiritual side, the Chinese chiefty brought in trade articles. To¬ 
day some of the interior mountain tribes possess jars mami- 
factured in China some four to six hundred years ago, Certain 
of these half-naked Igorote "savages.” who from our point of 
view are almost poverty scricken, treasure these heirlooms so 
that they will not sell them for thousands of dollars. But aside 
from such objccts and possibly some manu facturi ng processes, 
the Chinese seem to have given little or nothing to Philippine 

culture. 

Before the Hindus and Chinese came there must of course 
have bcen something of a native culture: although at presen: 
most of what we know abotit it is tlirough the process of sub- 
tracting everything that we know to be European, Mohammedan, 
Hindu, or Chinese. What is left we find to be a type of culture 
that in its getieral aspects is not so very different from that 
of Polynesia at the time of discovery. I do not mean to say 
that the Polynesiam came from the Philippine s. but that the 
native cultures seem to have something in commoti. To mentior 
only one point. there is the status of woman. Women were 
more ncarly on a Icvel with men in Polynesia than in any primi¬ 
tive society beyond the Pacific ocean. This shows in kmship 
reckoning. inheritance. marriage Uws, and many other ways, 
Xow tn this fifth from the top of the strata of Philippine cul¬ 
ture—which is apparently best preserved among sotne of the 
Proto-Malays of Luzon—-we find almost exactly the same condi- 
tions prevailing. Where this status, no longer prevails in the 
Philippines, wc can virtually prove it to have been lost under the 
influente of the Hindus, Mohamme lans, and Spaniards. 
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llack of ali the above there must have existed a very simple 
culture of the Xegrito, But he lias" apparently done very much 
as in the matter of language, that is, borrowed parasitically and 
tncompletelv from tlte more numerous and advanced peoples 
arournl him. It is entirely possible, however, that with more 
exad ethnological data we may yet be able to reconstruet some- 
thing of this most primitive or Xegrito stratum of Philippine 
culture. 

Xo\v. on reviewing these results, we find this situation: 
There are in this ane group of islands three recognizable raeial 
elements. a single parent language. and at Ieast six different 
sireams of culture. This emphasizes a lesson that anthropolo- 
gists ha ve heen taught by force of necessity time and again, 
uamely. thac to argue from the physica! heredity or blood of a 
people to their language or culture, or reversely to infer a dis- 
similarity of raeial origim from a diversity of customs or speech, 
is one of the most risky and misleading things tbat can be doue 
iri Science. 

When we apply our Philippine determinations speci fica lly to 
Polvrtesia, we find tbat prohably both the brown races of the 
Philippines and the Polynesians are rclated tn physica 1 type: how 
closely, it is not yet possible to affirm, and yet the basic fact is 
scarcety to be doubted. As regartis language, tlie studies made 
during a wholc century ha ve shown conclusi vely that relation- 
ship is close. In tbe complex domain of culture, knowlertge is 
stili too little sy sternat ized for auy opinion to be worth much: 
but features sudi as the position of women tbat has been 
referred to indicate much. Besides, it is possible that certain 
eiemems of Polynesian thought may prove to be a locally re- 
made radiation of East Indtan civilization after this liad begun 
to imrlergo Rindu iiifluence. Mythology is especially suggesti ve 
in this regard. 

There is one caution that I slioukl like to utter. If the 
probtem of man in the Fhilippines hail been approached wholly 
from a Philippine standpoint, without reference to the rest of the 
world, it is obvious bow conftised tlie results of Philippine 
anthropologv would be. It is by segregating Christian, Moham- 
medan. Hindu. Chinese, later Malayan. and early Malayan ele- 
inents, that the history of what happened in tliis one group of 
islands can be unraveled in outline instead of remaining a jumble 
without perspective. It is throngh tlie assumption tbat there is 
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no Philippi ne problem pure and simple* but that the history of 
man in the group is only part of his history over much widcr 
areas, that analysis is posstble which rarries tis hack to India, 
Babylonia* Arabia, and allows a reconstruet ion that is founded 
iti fact instead of merely speculative, Now we nnist know 
Polyncsta before we can understaml it; but, onec having the 
facts, we can no more explain them 0:1 a pnrely Polynesian basis 
than we can in the Philippines. It is otttlook tliat coimts, and 
mterrelattons, But with this precaution observet!, and a strte; 
adberence to the analytic comparative metbod hefore any theories 
are propounded, the mystcry-shroutled questions as to the wheiice 
anci wlien of tlie Polynesians, as to the souree of their strangely 
barbarie and vet refined civilization, are surely answerable, 

I 

COMWKNT HV MR. S.UTOHI) 

1 lived for a vear 011 Gtiam, an island which might I** 
called a stepping stone between Hawati and the Philippines 
The ancicnt culture of its iuliabitants may be consideret! iu- 
termediate between the culture of the Polynesians and certain 
mountain tribes of the Philippines. Students of Potynesia are 
familia r with the laws by which tlie worcls of the various dialects 
are interchanged. In studying' the language of the Easter Island- 
ers more than thirty vears ago, I fontid that there was a regular 
system like a Grimm’s law by which every Easter Island word 
coti Id be clianged to a Hawaiian word. Later I fotmd that thjs 
applied almost cqually well to the Saiuoan and llaori languages. 
Stili later i discovered resemblances not so apparent between 
the language of the aboriginal inhabitatus of Guam and the 
Polynesian dialects. In many cases the identity of the words 
was conccaled by termina! consonants or by reduplication; and 
many Spari ish words have beert adopted in tlie mocleni language 
of the island. The Polynesian a Ia, road, becomes chalan in the 
Chamorro language of Guam, and in Ma lavari, ia, or i ita, 

fisli. becomes guihtttt; ahi. or aft, fire, becomes gnafi: mai, the 
di recti ve particle "hither", and ak n, or a/u, “lience”, or away 
from the ?peakcr, become magi and guatu* The inclusivc and 
exclusi ve plurals of the first person prono un correspotid with the 
Polynesian, but in tlie language of Guam there is 110 dual ninii- 
lier, Many of the worcls are obscuret! by reduplication and 
infiges and by tlie modificat ion of the vowel of the tonic syllahle. 
Thus kolai, fenee, cleri ved from the Spanish corrai, vvhen pre- 
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cetled by the definite article becomes i kelat , atid resibe, from the 
Spanish word for “receive 1 ' by reduplicatiori becomes resisibe, 
and by tlie infixing of um, runtesibe. 

In these features the language of Guam resembles the vari- 
ous languages of the Philippine Islands, and the culture of the 
aboriginal inhabitants was very similar to that of the modern 
Igorotes of Luizon. They had the same belief in anili, or spirits, 
ihe same system of cutting of? the lieads of the dead and keep- 
ing them in baskets in their homes. Jndeed when they fancied 
they saw ghosts in the woods or fishing on the reefs they de- 
clared that these were headless. They also had the great houses 
in which bachelors lived 

Indeecl the Philippiae area should be extended eastward to 
include the Mananne Islands, and in my opinion there should 
bc four instead of three elements recognized in Malayo-Poly- 
nesian ethnology: (i) the Proto-Malayan, whence the true Poly- 
tiesians came, bringing with them the ‘ava piant {Piper Methy- 
slicttm), the taro {Calidium esculentum) from which pei is 
made, and the paper niulbcrry, from which kapa, or tapa, is 
made; (a) the element having the culture of tlie Igorotes of tlie 
Phitippines from which the aboriginal inhabitants of Guam 
came, not leaving their ancient horne urttil after the introduction 
of ricc and the betel pepper (Piper betet) from ludia; (3) the 
lowland tribes corresponding to the aneestors of the Tagalogs 
anci Visayans and {4) the modera Filipinos, It is interesting to 
note the abscncc of any Indian or Mohamnicdan iuflucnce upon 
the culture of the Guam aborigines, which indicates the rela¬ 
tive time of their departure from the cradle of their race. 

In conclusion I wi?h to express my appreciation of all that 
Dr* Wissler has said. It is methods pursued by him that lead 
to ultimate success in solving ethnological probi em s. 
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NtffK:—The folluwing informatum as fo instituimus :tiu| ad.vitif^ of 
antbrupnlngists in Japan and Xtw Zeuland is uhsiructed frtnn the Prucecd- 
ings of ihc Pan- Pacific Scientilir Congress lield in HnnoUilti, Aujrust. i<> 
The review nf the status of unthropology in New Zi-aiand was prepan-d l»y 
H. L>. Skinner, Lecturer in Elluinlnjjy in (he t/niversity of Olatfo; for 
Japan by N, Yanutsaki, Professor of Crcngraphy in Tokvo Imperia) Lhii 
j-ersity; for Australia by Fretiori ck Wixrd-J tmos, PmLssor of Anatomy 
in the University of Adelaide, The staicmciit for ihe Philippiucs is e<>in- 
piled from the stenngraphic repoft of rcuiurks by Elmcr I). Merrill, Direc¬ 
tor, ftnreau of Science, Manila. 
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Tn the ficld of O^tcology a large number of nicasuremeuts 
ha ve beet; recorded in different seieiitific jonrnals. bitt the onlv 
work on any considerable amottnt of material is that of the late 
Professor J. ! f. Scott, who gives nicasuremeuts of eightv-three 
skulls, and of a tmtch smalter immher of 1x>dy and limb boties. 
In the thirty vears wliicb ha ve passed silice Professor ScottX 
researcll, a large amouni of osteological materia! has l>ecn col- 
lected. cspeeially in the Anatomica! Museum of the University 
of Otago, but no attempt has been made to work it up. 

The only work on the bodily measnrenieiits of livitig sub- 
jects is that recentiv nndertaken by I)r. Peter Ruck, bimsetf ot 
Maori descent. Tliis research promises to he of the very liighest 
importaiice. 

In Sociology the otitstanding work is that of Mr Elsdon 
Ilest. who. cotning late itito the ficld, lias far surpassed all other 
workers rn the voliune and valite of the material he has coi- 
lected. There is stili scope for intensi ve work among the trilici 
not tonched by Mr, Ilest, especially tbo.se of the Taranaki and 
Whangamti district, and of the peninsula north of Aucklaitd. 
Mr. H, Reattic has recently coi lected with imexpected succe ss 
among the scattered remnam of Maori on South Islaiul. Mr, 
S. Percv Smith, doven of New Zealand amhropologists, Itas rce- 
onletl an ammitit ot traditioital materia! uneijualcd hy any other 
worker in the Pacific. but it is itnlikely that any eousiderabie 
amottnt of new tradi tional material will liecome avaitablc jn the 
futitre. 

In the bel<l of litiguistics. three gen erat ion s of the Williams 
familv are precininent, and no great advaucc tu amount at any 
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rate, is likely to be made on tlie fourtb edition of tine Maori 
Dictionary, edited by Archdeacon Herbert Williams. There re- 
maius, however. nuicb work to be done on Maori dialects, for 
which research a good dea! of material is stili available in the 
spoken language and in mamiscript in librarios and private 
hauris* The importanre r>f work in tltis field is illdicated by tlie 
fact that tlie plionetics of the Kai-tahu dialect differ from the 
plionetics of dictionary Maori more tha» do tlie plionetics of 
Eas*er Lslaixl. The collcction of phonographic rccords of songs 
aml sj>eeclies has heen begun by Mr. J. McDonald of tlie Po- 
minion Museum. 

Thoogh in tlie fielrl of material culture, as elsewhere. mate¬ 
rial is rapifllv disappearing, a great amoimt of profitable col- 
lectitig may stili be done by the right kiud of worker. Almost 
atty middle-aged Maori can give Information ne ver before 
recordet! regarding fishing. fowling. and similar aspects of the 
life of his tribe, Considermg the inherent attracti veness of tllis 
kind of material and tlie excellence of Maori craftsmanship and 
decorati ve art, it is remarkable that so little Information about 
ii lias been collecied. Outstaiiding researcfies are iliose gf Mr. 
Hest osi the working of stone, of Dr, Buck on weavitig, of 
Archdeacon Williams on the Maori honse, and of Mr. Downes 
nii eeling. Mr. AndersonN recorcl of string games should also 
be noted. 

Work in the past has tieen s]y>radic and of varying quality. 
The chief encouragemeiit to research has been the existencc of 
tlie Folynesian Society which, through its juurnal, edited for 
thirty years by Mr. Fercy Smtth, lias guarantced the rapid pvib 
lication of original work. The same function has been per- 
formed. but to a lesser degree. by the New Zealand Institute, 
through its Transacrions, and duriiig the past tliree years by tlie 
.Yrti* Zealand Journal of Sciaice and Techno!og\\ 

The in st it ut ion by tlie University of Xew Zealand of a 
Certificate in Anthropology has been foliowed hy the appoint- 
nient of a lecturer in ethnology in the University of Otago, and 
it is hoped that the threc remaitiing colleges affiliated with the 
I niversity of New Zealand will also undertake the teaching of 
the subject. The University of Otago has supported fidd- 
wurkers for brief ternis auiong the South Tsland Maori and at 
the Chatham Islands. The Xew Zealand Institute has also 
aided the former work. 
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Oiily onc muscum has thus far carried out anthropologicd 
work on any scale. Members of the staff of the Dominion 
Museum have in recent years made some of the most notable 
of all contributions to the stiidy of Maori ethnology. Other 
musetims have confined their activities to making ethnographic 
eollections, but there is now a reasonable prospect of some of 
them taking up field-work of other kinds. 

The New Zealaml Institute makes grants to research 
workers. 

From this brief survev it will be seen that sporadic work 
by individuals is slowly yielding' to systematic work by three 
classes of institutions: the uni ver sit y colleges, the muSeums, and 
the New Zealand Institute. The intensification of work by all 
three is prevented solely by lack of funds. 

Nothing bas been said in this report about field-work in the 
New Zealaml dependencies in the Pacific. Our obligatioris in 
Miis rcganl are obvious. 

JA1’AN 

Xhe Antbropological Institute and professorsliip of anthro- 
pology in tbe Ccllege of Science in tbe Imperial University of 
Tokyo were established in From tliat year tintil 1912. 

l)r S. Tsitboi was professor of antbropology, but since that date 
the positinn bas been vacant However, tbere are twn lecturers: 
R. Torii t S* Ishida. The rich collections of amhropologicat, 
ethnologicab and archaeologicat specitiiens from all parts of 
Japan, China. M ungo lia, Manduiria, tbe South Sea Islands, etc., 
are in cliarge of the curator, A. Matsumura. The reports of the 
principal explorations conducted have beeti published in the 
Jonritti! of the Collcgc of Science, in English or French. Rqx>rts 
on Formosa, China. Mongolia. Manduiria. and the Kurilc Isb 
ands have been published by R, Torii and on tbe Caroline ld- 
ands by A, Matsumura. 

In the College of Ulerature, S. 1 larada is tlie lecturer in 
archaeology. 

At the Imperial University of Kyoto there is no chair of 
antltropology. but B. Aclachi. professor of anatomy. is a Icetur- 
er, and K. Hamada. is professor of arehaeology. Prof. Hama da 
lias published tbe following in Englisli r Stoue Age Relics of Ko, 
Ancient Caves in Higo, etc. 

No professorsbtp in anthropology is maintained at the Impe¬ 
rial U ni versi ty of Semini, but the College of Science has a pro- 
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iessor ©f anatomy. K. Hasebe. H. Matsumolo is Iccturer in . 
F.nthropology. The Coi lege has many good collectioris froin 
northem Japan, while a great sl.ell-heap on an island of the 
Matsushima group is reservet! for study. 

In the dcpartment of hi$tory of the Imperial Museum of 
Tokyo there are excellent collections, in charge of the depart- 
ment director. Prof. Y. Miyake; the curator and his assistant* 
src: K, Takalmshi, Wada, and Coto. 

The Anthropological Society of Tokyo was established in 
1886, Its present niembership is 313. The Society meet* 
nionthly at the Anthropological Institute of the Imperial Uni¬ 
versi tv. except rluring July and August. It has published since 
its organization thirty-five volumes, in 394 nuuibers, of the 
Journal of the Tokyo Anthropological Society. The presidency 
is vacant; there are twenty councilors, whose acting director is 
iYof. R. Kogauai: the settetaries are R. Torri, S. Eshtda, and 
A, Matsumura, 

avstralia 

Australia has no federal bureau nor any iustitution in any 
individual state tliat maintains a properly staffed and equipped 
flepartment for the conduct of anthropological work, 

The estahlishment of a chair of anthropology in one of the 
large universities having teacliers and research facilities is a 
greatly needed desideratum, The present writer feels very strong- 
1y that plenty of competent young men would be ready to take up 
the work were a chair of anthropology established in one or 
more Austratian universities. It is hoped that the deliberat ion s 
of the Congress will serve as a stimulus to the Austratian dele- 
pates and enable them to inflttencp public and oflficial opinion in 
Australia and so lead to the establlshment of a chair of anthro¬ 
pology in one of the universities of Australia. 

In the museum s of Perth, Adelaide, Melbourne. and Syd- 
ney there is a large amount of anthropological materiat, both 
physical and cultural, which should be worked over aiong mod- 
ern scieutific lines. More especially is tliis waut fett in regard 
10 the examinat ion of the skeletal remains of the peoples of 
Australia and the surrounding Pacific regions. 

The museums mentionod a bove are not directly attached to 
‘he universities and it is much to be desired, pending estabtish- 
ment of a chair in anthropology. that cobrdination of effort be 
Urought about Ijv tlie appuiutmeni <jf imiveisily teacliers inter- 
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ested in anthropolngy honorarv curators of aiitliropology in 

the muscum. A large amount of antliropological material is iti 
the hands of private collectors in Australia; this private appro- 
priation, especially of large series of crania, should 1>e emphaii* 
cally discottraged. 

TUE l’ll ILIPI’1 XK ISLAXUS 

Die Philippines include three racial types. Neurito, Indn- 
nesia and .\ Talae, and more than forty languages are rep re¬ 
seri ted. Government support for anthropological work in the 
idands was at first given to the Hure&tt of XonChristian Tribes 
and later to the Division of Ethnology of the ihireau of Science. 
Rccently officiaI support vas withdrawn by the legislatore which 
rpiestioncd the propriety of publishing photographs illustratitig 
primitive cusionis. Yaluable research is now being carried on 
privately by Professor H. Otley llcyer. Associate Professor of 
Anthropolcgy. 1 ’niversity of the Philippines, who har» preparcd 
a comprehensive “Outline of a Proposert Ethnographic Survey 
of the Philippine Islands.’ 1 JDiis outline read by Mr, Merrill 
in tlie forni of an official communicat ion is not available for 
publicat ion,] 


Digitized bj 


Google 


Original from 

HARVARD UNIVERSfTY 



RECOMMEXDATIOXS FOR ANTHROFOLOG 1 CAL 
RESEARCH IX POLYXESIA 

pRKP.\KKl> l'\nKH THE DIRECTIO N OF THE SECTION uE AnTHRO- 

poLonv. First Pan-Pacific Scientific ConeerKnce 

note: The Section for Anthropology of the First l J an- 
Pactfic Scientific Ccmfereuce fottnd it impossible to complete tlic 
formidat ion of a research program before tlie date of adjoum- 
nient. Accortlingly, it voted to request the National Research 
Coimcil of the United States tu ijudeiTake the fmal forni ulation 
of its report. The Research Conticii accepted this obligation. 
referring it to the Divisioti of Anthropology aml Paycholcgy 
by which the undertaking was brought to a conclusion. 

In the preparation of this report the following contributo rs 
a-id members of the Cnnncil have takcn part: 

Roland 1 >. Dixon. Harvard Universitv; Gerard Fowke, 
llnreau of American Ethnology, Washington; A. E. Jenks, Uni- 
versity of Minnesota; A. L Kmeber, L niversity of California: 
R. IJ. Lowie. American Museum of Xa tura l History; W. H. R. 
Kivt-rs, St Johiis College, Camhridge. England; 1 ,. R. Sullivan, 
American Museum cf Natural History and Risliop Museum; 
L, M. Temian. Leland Stanford 1 'mversity; J. Allau Thomson, 
Dominion Museum, New Zealaud; Tliumas G. Tliriun, Bisliop 
Museum, Honolulu: A, M. Tozzer, Harvard Umversity; Fred- 
erick Wood-Jones University of Adelaide; N T . Yamasaki, Tokyo 
Inperial Vniversity. 

INTRODUCTI OX 

Anlhropoloidcal rcsearch h the are» of ihe Pncilic is fiill in the 
furtnattve haviug jnsii passed throiiyli the iiceessnry i>vriml uf pre- 

limitiitry exploratiori and super ficial snrveys, The arca is a lar^c ent< 
wlmti fipr pr.Tctkal rtc m.iv vmisiiki u'nk'1 ihe (nllnvnnK Ik l ;i;Isj 

L Insulaf Arva$ 

1. Pulyncsia 

2 . Micmiii>sia 

3 . Mclaiifsia 

if. Continental Arcas 

!. The Philippinrs and Ihe Mahy Islaiut* 

2 . New Guinea 

3 Australia 

Research in atl thosc arcas is of $rvnt impumnev* hut we om- 
sirllT Ilie Polyncfdan prohtem a* ihe imntediatc- prima ry unck-reddn^, ftinci- 
Polynesia compriscs the heart of the Pacific and pninicilarK brcatise this 
arca is m>w ahruit to Income the ficld r>f operatiori by tlu- IVrnicc Painht 
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Bisbop Mustmii in HuwaiL Wliik tliis insliiuiion has projecicd im¬ 
mediate field-wnrk iipon an extensive scak the prohkm is H uevertheless. 
a complica ted one* whose ultimate solmion must depend npoii collatcrat 
work m ali parts of the Pacific. For this reason, some kiud of coopera¬ 
tive research is absolutcly necessary and h secius in keepiiij? with the 
spirit of this conferente that ali inslitutions and i udi viduata workmg in 
iliis area, slionld, as far as possibile, cooperate n> the extern that all re¬ 
sti hs of field-work tnay be of the greatest Service. It is with a vicw to 
facilitate suclt cooperatio*! that thts ontline of scope and mdhods. which 
in our judgmcnt hvsi apply to Polymnia* has bcen fonmihted. 

1 . STATUS OF AXTHROP 0 L 0 GV IX POLYXRSIA 

Amhropoloirical study of the quality and character which has bcen 
exenipliiicd with snch gratifying resuit* io other paris of the worlil 
during the last two generattons, has for Polynesia hardly yet begun. 
The grenter part of the data at present availahk has heen gathered by 
imtraincd ohservers and in an uusystcmatir nianncr, For sonie portions 
of the area, rehtively abundant material of this sort exists; for others L 
therc is liltio or untliiug. The follmving brief survey of the status of 
mir knowkdge mny serve to show thr character of informatio^ needed 
lo eiiahle ns to work out the problema which the area presents. 

Physica! Anthroprdogy 

Cranial and skeleta! data. Qnly for Hawaii. Xevv ZealainL and 
Raster Island i* anv reasonably adequate material availahk. For the 
tirsi two. nnich tuore extensive regional collectione are mnch ueeded. 
however. For the Marquesas, Paumotu, Socicty, Cook, and Austral 
gronps the existing data are me ager and iteetl to bc largely i^creased, 
with special attentioti to securing well authenticated material from the 
varunis separate islands in cach gronp. For Samoa T Tonga and the 
scattered and isolated tslands, ihene is practtcally jio material at ali. 

Measurements of the living. Except for a small mirnher of scal- 
tercd observat ion s, no data at ali 'are availahle. 

Material Culture 

The fulte st data are froni Hawait, Xew Zenhmd. Chatham Istand. 
and Sumno. Liitle or nothiiig in lliv wny of systcmatic invcstigatinu lia*. 
Ijven made elsewlwre. 

Social Organi zat ion 

Littk invcstigatinii of the modem sort lias been made as yet ;my 
wbcre. For Samoa, Tongsu Sciciety. and Hawaii* we ha ve cou sidera bk 
more or tess uudi^ested material in the older literalure H bitt many ini- 
portam sides the question are as yet untouched, 

Ridigion 

The fnllest material avaihibk is fmm Xevv ZeaIand and Hawaii, 
froni i>nth of tvbich mttch ciTeinonial and Titythological data h:ivc been 
eolleeted. Fnr Toii^k and Society we ha ve sonic material nn the 

ecrcnionial side, httt it greatly needs amphticatioiv For the Rfarquesas. 
Paumotu. Cook and Attstral gronp^ the exisliug data at e very mcager. 

Lingitistk^ 

LexicaL grammnticak and hildiral sext materials are in print from 
practically ali the Polynesiau dkilcets and huiguapes. What is niost 
nccdcd at present is a more adetpiate knowdedk r e of the etails of pho- 
neties. and a c^llectinn of native texts of niytUotogical ot her natnre, to 
supprement ihe missionary material already availahle. 
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Ii. I J Ri>BLE3JS TO RE EMPRASIZED IX THE POLYNESIAX 

AKJiA 

The foUmying statements and rtcommnulations should not be takcn 
a% an attempl tn proserit a complete, well l*alanred nutlme, a p pii rabie 
cqnaUy to a)l paris of Polyncsia, hut as a sketch of the problema whicEi 
fremi the present state of our knowledge should be stressed. Recognizing 
that the collection of ftill data fmm cven a singk group of peopk* h u 
Msk of huge proportionis and that there are subjccts and occasions where 
ihose with liflio expmence may have opportimities for observatien deiiied 
trio profrssinm! investigator, wc ha ve incliKicd some of :lie less obvians 
eititious. Xaiurally* eaeb investigator must cnrcfnlly analyze the Jocd 
condit ion s about him and adjust his program aecordiilgly. Further, sinet 
the held of amhropological research is sn vast and complex, that o&e 
nui^t perforec specinlize in sume small pan of it. eadi investigator must 
depcnd npon others fnr specific suggestioiis as to what is important fnHn 
their poiuts of view. 

r, Etfnolocjcal Reseauch 

At the ontset \w recognize that for practical reawns the in vestiga- 
tions under this head must be pprsued hv the grotip (or tribal) methftd 
ratlier than by the topical, In the ustia) conrse of events, rhe field- 
wuikcr hrst itcqtLirrs sonie knowledge of llic lan^uagc uf tlic gioup he 
vssiis and theu sy sternat ically collects data nn all tbe obvious phases of 
culture manifesfc therein. Aceording to his in ctuiation, be may specialfcc 
more nr less n>r>n rhe different phases nf culture Th* time cequired tn 
eover tlie whole subjcct of culture even in this urasymmetrical way is 
nuite considerahte and iti most cases probtbttive, so that what usualk 
Jiappens is thal the Peld-worker concentrates upon one or more of the 
large divisions of culture, Linguistics and music, hecause of their highly 
technical nature, are most frequently left for a singlc investigator, hut 
not infreQiiently the tine of furtber specialization falis betweeti material 
«ultvire nitid tbe materia) tfaits, Further ppccrilizutioTi is possible. but 
in otir opinion not compatible with the hest results. Taking io comider- 
nrinn the distances to he travded. the inaccessihitity of many islands r etc., 
i^e recfinimcnd that expeditious bc so platnied that two men can hnudle 
the whole of archacology and ethnology, txclnstve of lingttisttcs. 

A. MATEBtAL Ct'ITURE ANU ART 

In materiil culture, espectally. ihe mosi npprov F ed ixetliod is U\ de^l 
with what are caUed complexes. For example, the mvestig;ition of tish- 
in^ is the sttufy of a complex, inchiding tlie mechanica) techtisque of the 
nirt, practica) kiiowledge, social position of tlie ftsliermart, the bdiefs con- 
irolling lishing, and the rittial and religiotis sanctions upon wliicii the 
native* believe the whole to he grounded. The ideal of the investigator 
should he to fnllow out completely aJl the most important complexes 
Fiinctioriinff in the group he mve&tigates. NaturaUy sotne coin^lcsc^ ure 
of more importance than others; thus, in the study of a Folytiesian 
group L (hc follnwing should be stressed: 

Fishing and marine fnraging 
AgricnUure and donu^tication 
Canoe building 

Tapa + textiles* and feaiher-work 
Work in wood and gourd 
House, trmple and othsr bnilding, 

It goes wdthout saying that in the end notbtng should he overlooked. 
hui rince il is rarth possihlt Ifp carry a unit of field-work Ui sudi a 
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condusion. one should makc stire of covcring'fiilly the fjroups of com¬ 
plexes jusi cmmicrated. 

Furthor, it is itcll to liear in mind thnt wf have in sortis paris o: 
Polynesia, at least. a high devdopmcnt of the iirtisan culi with definite 
rtligious sanctions; hcncc, this should Iu: made a «pectiti topic of inqiiiry. 

Altent ion should bc *<iv r en. to sticb specilic iraits of culture as ha ve 
distribuiioras in othvr paris of the world. Thus, tlic use of stilt'* wa^ 
oiice reporter! by K, voti den Stcinen far tlie Marquesas. Tn ull prolialnh 
Sty they have now disnppeared everywhere in the tslands* but it wottUl Ijc 
well io inquire in different localkie? wlietlier, how h and for what purposc 
they wcre formerly eniployed, cspccially whelhcr in panlomimes or dra 
niatic performantes, as in soni? contiguous paris of the Gld World. Iu 
the same way evideitccs of the kite and ali iis forins and tises shouM W 
ca^efully songlit 

Whik\ as stated nuder the liead of kmguage, the worker in cuhiiri 
Ss not to be cxpcctcd la collect hmguage data, ii is imponunt tbat lie 

acquire snin? fami lini r it v with the speech of his informant* and exerei^ 

eare in rctordjng the native uniiics for ali important pha*es of the h'v 
oral complexes. 

One cautiori, applying to ull sectionis cf this report, should be imted. 
\'o topic c muliera ted here should he taken up in the abstract and the 
in vestigat ion guided snlcly by the Associated eonccpts. TIius t ttie topic 
fishitiR does not inean that fishing. rs sudi, is the oliject far investigat ion. 
btit that the problcm is to find out how speeihc lish are eaitglu* lio ve a 
jriven ftsbcrman prtrpared fnr hshing. etc. The fnnnulatinn nf ahst me¬ 
linus may he left to the future; they bave tio rtal place in held-work 

where concrete ftshing processes should be the subject of i n vestigat i oti 

Tu inost parts of the world p data 011 materi ai culture* ha ve an in t i - 
mate rtdation to tbose resuit i ng ■ frmn arcliaeulogical inquiry. Ttie rela¬ 
tive dcaTth of stone objects in Polynesia tends to wcakcn the as sociat ion, 
l>ut there is partial conipeiisation in tbc honogcneity of the hbtoric and 
prdiLstoric cultu res of the area. When a peoplc ha ve hecome extinct 
or greatly modihetl in culture, data eoneerning tliein tend to liecome 
inaterially ohjectivc, so that the reuuiiiis of materiat ctiltures and art 
often forni ihc sole basis for the reconstruet ion of the past. Heuce, in 
Polynesia it seetm suadvisable to separate those suhjects fmaierial cul¬ 
ture, art, and ardiaeologyl in field-work. 

Xnvigation. Special altent ion should be given to ihis topic, tbat is, 
to the gathe-ing of data liearing tipon ihc tcchtiiqtie uf naviqatioa. One 
of the crueial problems in the spread of tbc Polyne^iail is Ins iiickIc ot 
navigation. Very little goori data ha ve l>ecti coHected and no doubt uuich 
has liecTi lost* hut its importatice demands the gr eat est diligence on the 
part of tbe lield-coi lector. Astronc intcal, geograpliicaL and metenrolei-Tj. 
cal lore shuuld receive the drsesr nttemton in this coimection, The 
mystery tbat now banps over tbc voyages of the Polyneaians is mcrelv 
one of ignorsmee: duit they did reach the distant islauds we kntiw: 
heuce, it fnhmes tbat they had a teclinique of navigat ion commensura te 
with the reluit. Thf probleui now Isciore vs is to ^eettre as much of thi^ 
lechnique as is siill known to the Pdlynesians now livini*, 

\ltx£t;ui Cttllrtfian j. The day of prohtable collecting atnong tbe 
P^ynesians li:ih t>:ishvd, ln t l-vit y hcld worker shmld c^mli over his terri- 
tory to makc sure lliat nothing renuitis, Xo dnul>t many Eiomdy ntensils 
and oniamciits servi ve particularly in the out-of the-way places. Also 
many rare tbiugs m:iy he ffrttml in |irivaie colleciions wheie they may l>t 

stnlicd tr> advautilior. 
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The collection of models and resttsraLions i* advisahlc. A miti ve 
niotlel nuiy bc erudely made. luit it Has value io tlie tiekl-worker gather- 
ing <h|n upon the complex in wbich it h found + Every possible means 
shoiihl he takei to objectify the data upon culture trans. 

Cst' of Pkologntfhs. The fWkbworker *hould siudy she collectum* 
in mir nuiseunis from The group he i* tu visit, He should be equippcd 
wiih photographs and drawings of nll typical objects—prhts from line 
drawings are usuatly betier, as the native* can intcrpret tliem much more 
readilr, As far as postibi e* the objects represented should he identihed 
by informant* and the cxisring data as to their furiet i ons recorded, Sudi 
a rollectiou of drawmg* \vili he of great Service in Holding the interest of 
in forma nts r 

Most of our museum collectioris are withom data of any kintl, *o 
that the use of this methnri may grcatly eiirich our knowk-dgc and niake 
these eoi lectior* of much greater value. 

-drf, Collcctioiis in imiseuin& ha ve made us familia r with the chicf 
characteri sues of Polynesian nrt. ft is to these collcctions we must now 
ffo K Swcause lude of a satisfactory character remains in the liantis of the 
nativa As ihcsc collectioris are in safc keeping h their *tudy may be left 
for the nexi geri erat ion; hut sotnc aspects of the suhjcct flhould receive 
immediate atlention. Photogrnphs and drawings of tapa. uttooing, and 
enrvcd pnttcrnf shrmld he taken to the field and in format ion. eonceming 
theiti sought froni ihc old peoplc. 

A suhjcct worth reeording is the adjustmcmt now bcitig made to 
"ur r hci decorat ive art. Data and collectioris showing the mcclmiiisnis 
of this adaptation will bc of value in the future. 

Sthnfl-zoQlogy, In Ftdynesta the origins for die varieties of domes- 
tic animale and piatus are of utmsual importatice, sitice tbe history of 
tbese varieties will bc, in the niain, the history of the human fotum. 
Tbest biologica! probititis are. bowever, intricsitdy bound iip with iliose 
of the tiotncstic fauna ami Hora of the world as a whole, Thus the 
investigatiou of the pig h ctiicken, and dog in Polynesia will require the 
thnmugh stnrly of tbe history of domest icat ion for these animal* in tbe 
world at large. Each of these topics is sufficient to oceupy the spare 
time mf an investigator for many years ( 1>ut in oiit opinioti they are hest 
baiidkd as side Unes for enthusiasts. Tn the mcantime. Iiowcver, some 
occini collectioris of materiat and data from the severa! islands are 
disirnble. Sudi materiil will be of grent vakie to future investigator* 
;uiil shmild bc given some attetition liy ali fiebl-workers, 

Since ctbao-bo<any Has received spc^ial trcatmcnl by the Holanica! 
Section of this congress, the re^lde^ is teferred io tluit pnriinn of ibe 
rejwirt, However, we wisli to stress the importance of ihcsc investiga- 
ikm and to urge tbat close attention be given to the doiiestic spfcies 
ti^ufdly uegkcted by botanists. 

Exact data regarding the distrihutiun and importanee of the culli- 
vaied plarsts introduccd from America are requirat for ali isknids. The 
fbiTR availahle are excecdingly vngue and meager and lea ve important 
pwnti unanswcreti. It is not sufficient to note* e.g.. ibat inaize is culti 
vatedui a cenniin region: we want to know what variety or varieties (atl 
tbe different comcobs from eaeb loeality should be coHvclcd), whetber 
merdy as a garden piant or sn liclds, whether alone or -ogether witli 
ffc tller cropsi (t. g., beans), procas of the ctlliivalirm, wluit impormuee 
nttaclie^ to it in the native househotd, liovv the corn is ntili^ed, how it is 
prourd, prepared, cooked. ete.. what the peoplc think abn.it it* tisrful- 

traditione regardirg introdaction, ctc. Carcful inquirecs shonld lio 
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made as to tohacco, method of preparat ion and consumption (rigat. pipc, 
thewmg, snuflf). Tndigenous specie of Nicotiana are reponed from 
Australia f.V. suavcalms), New Gmnca (species unknown). and Nor¬ 
folk Jslatids f.V. fragrans) ; some suppose, although on insufficient cvi 
dtmce, that tobacco was ancicmly used iti those regions hefore European 
contAct, If *o + was there any prehistoric trade in tobacco in the Snutli 
Sea? Possibly onv or othcr of the species named or odier species of 
Nicotiana may he dincovered in Polynesia. At any rate, it may bp wortli 
whilc to scnrch or inquire. Carefvl obsenations shoulrt lx- made con- 
ceming maitifK. arron-rnoti ihe vari otis species of Phaseolus. Capsicim 
gourds, potato, siveci potato, peamit, piiieapplc. guava, papaya. tornato, 
sunflower. etc. 

Of piam* native or supposed to be native, spccial attentinu should bc 
devoted to cneoniit. hanana. Hroussowtia f>apyrifcra t Coix focryma (Joh'? 
tears) + and ali species of Dioscorea. Uninhabited localitie> where cocnmits 
gmw sliould bc carefnlly mapped. The nnnieroits variet ies of banan» 
should be noted, 

The distribui imi of domestic swinc and the whole economy connected 
witli it appear to be one of the futidanicntal probititis in Polynesia. Note 
wbether white and sivcalled inasked pigs occur, observe and describe the 
different breeds and erossmgs. collect skulls of wilcl. domestic and half-wild 
ones fwhich hftve escaped from domest icat ion to live for themsdvtf in the 
wildemessT 

It. MVTHOLGGY AN[> FfcLTGTON 

Hfythnlt*gy\ The mythology of Polyncsia has for many years attracted 
the interes! of seholurs. yct except for New Zeabind and Hawaii. no exteu 
sive collectio» of materni has lx-cn made. Although from these two gronps 
and especially from ihe former, a large body of data is in existence, there 
has been even in tbe*e enses, Uttle attempt to make the colleetion really 
sysleinatic. For ntlier paris of Polynesia the mateml is in gener&l very 
meagtrf. and e very etldeavnr sliould bc made to gather what survives before 
it i* ton late 

Local varianis witliin Ssland groups and even within single island^ 
shmild bc carefnlly snught for, The importante of such varianis has long 
been recognized. Imt the-ir valtic in The Pnjyncsian area is probably more 
than OTdimmly great. The cosmologicat side of Polynesian mytbology ha* 
always attraeted the mnst attenti mi. Imt tntich addit ional malcrial of this 
kind will bc needed to innkc it possible to make ciear the development of 
the peculiar systein and trace iis origine Anollier poitit to recoive consid¬ 
erat ion is Ilie rlistinctiim frectuctitly made hctween the mythology current 
among tbe arislwracy in contra st tn that of the common people. 

Wlieti so mueli matcrial neods to be gathered, it is rather -invidious 
to mention partieubr groups as ret|uiring special atteiuion. Init it would 
seem that the Marqncsas :ith| Paumotu, ibo Austral group. and the Kllice 
and ofher small Hbmds itu llic Western pfniion of Polynesia mtght hc 
singlcd out as being at prement least knowti. v 

RcH^ion. In the pursuit of this topic tbe les* experienced woTker cati 
nnt Ino oficn he remindod that he is |o study religion as a concrete function 
and nor as an abstracti™, Thus, in Polynesia the tmrial complex is imporp 
ant under tlm beati, but it shoukl be dcalt witli as a realky and tlescnbed 
uith great lideSiu of dctail. Rcligit>n. apart from culture acti vities, tends 
to become the subject matter of philtxsophv rather tban of Science; henec. 
i liqui ry into religinn will centcr in the study of specific complexes in whidi 
superhuma sanci ion and riltialistic conlrnl. are plaiuly present. In sudi 
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n^rpnijitiw the prc-ci^e delinilinn of religion is im important, sinec con- 
^«eteaciivities are the objects of observation L 

Sume nf the other complexes for wliich the fullest possible data 
slinnld Iit sought, are : 

a. Slunnanistic pfactices. A 1) kinds of magae slioulcl be recordet!, 
not overlooking tlu= more widdy diffused folk magie. 

k Doctors. Concrete faets hearmg upem the relati otis of this func- 
tion to that of shamanisni should be sought as well as upon the 
technique of mcdital pratticc. 1 n both rhis and the prceeding 
Carefid inquiry should he made as to the ideals, training, social 
distinctiori* ctc.* pertaining to these professione 

t. Priesthood. In at lea st some parts of Polynesbi. a highly organ- 
bed priesthood has hecn uhserved, with tcmple observanees. Tliis 
should be made a suhject of exhaustive i liqui ry, Particular atten¬ 
tiori should be given to the relative importance and fmictkins of 
yflkial or public priests, fcimily-head priests* hcralds or assistant*, 
women assocuites, seers, shamans. etc. F m the group, Ritualism 
is Aiiuiher imponant plias-c of the priestly fu net ion. and onc coii- 
ttrmng wbich new data are nreded, Ritualis irtay he almo st Ishj 
simple to nttract attentum but may also be elaborate. The types 
stimdd bc Sought and examplc* of caeli reCorded iis fnlly as pos- 
iible. Attentiou should also be given to the use of genealogus 
iis religione formulae Finali;* the priestly praei ites eotiecrntng 
■ucred groves, caves, seats. etc.. should he studied. 

d. Tlie in vestigat ion of spetial cults. Fertilizaiion cults; ag ricti I 
lUTEil rites, aucestriil cults. aniillal cults, Seasonal factor ili 
cerem on ia Is. 

c. The taboo. This is onc of the mu st important aspeets of Puly- 
nesian eullure and onc whtxse general chamcleristics are kiinwn; 
hur the iivnilable data oficti do not form a ciear picture of llie 
uurking of ilic latino and the involvet) psychologica! attrihutcs 
renui n amhigtiotis. For this reason careful in vestigat ion of the 
spceihc tahoo systems for the islauds visiled promises lo be 
valuahlc, 

f. Cannjhalism. head himting h war dantes, etc. 

g. Ideals of sonis, spirits, de-itb. and cu^niology. Si- ^icnis of heavenly 
strata should he emiuired for p likewise a hades, Disiinetions 
Imtwecn the sOuls nf nictl and otller objeciS may appear and 
prnve of comparative value, also lwliefs tm i r;ms format ion, in¬ 
famat ion, elc. Concrete <1ala under this head will for the mosi 
part be limiietl to stateituems of in dividua Is as to their opininns 
and beliefs. 

The upiniion is often frecly expressed that ali the cnrreet knowledge 
■‘i ihf jt suhjects has vanished from Polynesia. Hxperience in other (ields 
^ shnwn that when language survives a surprising ammmt of data caii 
^ ^ured. We can state, tbereftire. with reasonaldc ccrlainty, that even 
i™ TUwaii and \>w Zealand, a competent investigator will fmd no dcaiili 
inipmianE data. On the other hand* each ycar is diminishing the avail- 
^ data attd rctiderinp the eolleeiion of wliat remains more difficulc and 

cvpensive. 

The preparntion of mamiscripts by native Polynesiaos shonltl \w eu- 
in every possibtc whv. An effort slunild be made to collect 
Er ;tnk iuid fuj] ^ n toliicg rapi lies of old men and wonun. The skitful use 
ni nieibnd has brought such important resnlts in other lields that it 
^ Tiufr p-eeogni^ed as one of the most productive proecdttres, The 
vahie r.f the^ fc narratives, lies not in the personal adventuros of the nar~ 
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rators, l>ut in the :ircum^l;u;ti:i] scttings Io these adventura in which are 
tg Jh; fourd vivid portraiis of cvcrvdav *<>dnL fontitic. For example, a 
good story of ;i hdiing e>cursion or a cinirimj? adventure ma\' he highly 
exir-ggerated as to plot* hnt will, in its settmg, give t!ic pia in K c$fttnttal 
details of native life. 

C SOCIAT OHOASlZAtlON 

The investigation o| sociaI organizatHm preseuts certain inherenl 
fliflictihies and thus warnnts a more dctailed statement thun has been 
accnrded other topics in iliis, series. The followiiig outlinc will also mate 
pnssihle cmirrrtc observaliem* hy surh rnsttnl visitor*; nml resident* m 
the islands as may ha ve sociological interests, 

CciJfcV and Gtnvrnmrnt. The most salient plienomciion in the socia! 
lifc of the PolyricsUitis is the nrganization of sncicty luto rigtd caStes 
fmuidcd on the theory that ihe chiefs and nristocracy arc dcscenriod froni 
the gods. Pride ia pedigrees is sn universi among maukjnd thar there is 
a strong hkdihflod that the seu timent* Associated with tIlis aristocralk 
sysrpm are stilt in fntl rignr hi pnrts nf Orennm. Henoe, a resolute efforl 
should be made to collcct as nuich relevant Information as possihle. A 
pitfatl to l>e avoided is givitig attention exclusively to the nohility: etlinn- 
logically the attitude mainiained by the Iniver ranks toward their superior* 
is quite as iiUcrCMmg dic levtJSe and spccia) U templa should h-c made 
to ascertain the preciae facts in the case. Was the prevalent framc ol 
mind one of cnniting servility, or of rebellion, nr of an ovenv hei miti g 
de sire t<> extricate niu-sclf frorn the pariahht status wlicrevor that w^s 
feasible? The answcrs wili dorhtless vary iit different localities. but 
everywhcre this sumewhat dusive prohlcm sin hi [d bc altacked l>y inter- 
views with as matiy native informatus ns possiblc. Aniong the qucstions 
to bc nskd should he inciti ded queries :is Id the precise status of stich 
honorcd professional men as tatitfiers. sorecrer^ canor hui1ders T 
huiltlers, Did their oceupatinn liestow a delinite r:mk ? If so* liow werc 
ihcy graded? 

The natter of govcrnmcnU ivhile ituimately related with that of tiie 
caste system, must not bc confoundvd with it, The eximi ple of Samoa 
shmvs that a very higb socia! regard for the chiefs may go hand in hami 
with the cliicf? pruetical ttnpotcnce when fjpp^jsed hy his conncil of laruded 
gcntlemeTi. Tlie tlmory has heen Advanced that sucli a conditio» was sec- 
omlary to an earlicr st age in wliich the divine chicf wieklcd practteaUy 
despotic pM?wcrs. \ny concrete tbia suggesting that the historkal de vel- 
opinent in a panicular grmip is corn>imrative of this scliemc, would Ite 
highly welcoine. 

Sexu<\l Oh'ifirnt vf Liibar, In every case die investigator should 
detvrinioe the preei^c di vi sion of lithur ltftwccii The ^exes, Whcrc the 
men are fonn<1 as eooks, tloes this tnean that they cook for the women 
or merely for themselves? Are women perfilitted to practise medicine f^r 
soreery? What rdative p.iri did ihe men and women take in the cultiva- 
t i on of Ilie soil i* This qucstion is oue of great tiicoreticai itnportatice. 

Se^rexittitHt of lUifhelors ottd iVxrJ- Jt is important to note whether 
the unmarrted of cirber sex werc segregated cithcr iti their sleepin^- 
place or in tEis.ir lifc gtiicr :, ii ? or Ijotll. This s*cgrcgnnon may It 

liiuitcd to a separate allotincnt of spaee in the cortimon dwelliitg, sncli as 
has heen reported from Tahiti; or it may involve occupatiori of a separate 
haclielors' ilormitory. In the latler case the otii er functions of this struc¬ 
ture should be investigattfl l>id it serve as a lounging place for the 
married as wdl as singlc men during the daytime? Was it a guest house 
for strangvrs? Wliat, if any, reli^iou* associaiuir.s existcd? Were vv-mn- 
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vn rij^i(.lly excluded at ali times, or oti spccial occasinns? In getieral in- 
quiri» should he tiuule as to the social irrtercourse of the sexe* L Did 
tnuii and woinen, e.gtat togethcr and dauce together or separatdy? 
Were there any htiildingj htsidfi the pnsdhlc bathclorri lia 11. or tnen'* 
cUibhou&c, from which women were barrcd? 

Positum of H'owi T ii. This lopic is parlly tncrged in the uvo prcccd- 
hiK oucs. Jn addit ion ali tabens ziffecting tlic feninle sex rmist l»e asccri «lincti 
Were womcn* e. g.. not pcrmittetl to tise Cftiiocs* as reported hy Metvilk 
for the Marqtiesms? Were cenam kitids of food talu>r>ed to theni? Did 
wnmcti participate in tlic tribal comicil? Could they inherit the ehlef- 
fnincy and t-xcrcise property rigMs? Were they as frtv as imm to tike 
ihi; initiali ve in divorcc? Did they occupy a spccial hm or ccmpartment 
riuring menstruatiori aml tonfinenieiit ? 

ScA uai Life mut .1 fvrrfogr* An important point to rcnieintar is again 
tlial the nsnge of Jmver and higher enates mav hnve vnried and tliat the 
cnstoms of the commoiiers are scienti fica lly quite as important as t host¬ 
io vogut rtmong the Wnc-hloods. Hencc a vaiicty of informatus should 
he usnl, inctuding if^ossihlc severnl representiatives of esicli socuil dass. 

To whal extern was there loaseness before matrimony? Was it 
liinitecl to the limer ensie? Did the youtig men ha ve aceess to the spin ■ 
sters" dormitori? Wcre there rien who dressed and actcd as women» as 
hn> becn Tcportcd from Taliiti? Were the^e imested with a *acrcd char¬ 
acter as in the M;day Are hi pelago and sometimes. among the Xorth Ameri¬ 
can Indians? 

Weie the re ehildhnod betrolhab? Were women permitted to pro- 
I«ise? Wliose consent vas necessary to a union? Was ther^ a real or 
prttended capture of the bridc? Wcre gifts to the pnrents obligatory? 
Was there a dowry? Was a religious ceretnony destrabk or requisite? 

Wii' there auy prefeienlial matiug hetween individuals of iixetl rela* 
linnship? Did a mnn regnhirly prefer rnarrying a coitfdn ? If so, ddine 
tht- exact relationship (e. g., notherX brother's daughter), Was* the 
icrirate in vqgue. i. <lid a inan iidierit :i 1imtber p s widow? If so, was 
hc limited to an elder brother’s widow? Was the sororate prnetised, i. c„ 
did a man freqnently marrj' hU dcceased ivtfc's sister nr might he he mar- 
rietl to two or more sisiers simiiUaiieonsly? Did a man acquire maritat 
ritius -over his wife p s hrotheris daughter? 

To what extent wns there polygamy? Wus it limited to the aris- 
tocracy? Was The tirst wifc iwcessarily the principal nue? Was there 
polyaiulry such as has heen reponcd from Xiikuiuva? Wus there a limited 
group uf lucu and women within which ali malis exerci^cd marual riglu^ 
«ner ali lemales; For cxample, ilit.1 this hold for a group contpoMscl of 
a man and his hrotlters on the one lianti and a woman and lier sisters on 
the olher? Or did comradcs share <sr exchange vvives? Did the cl ief 
esercise marita! tigilli m-er the wonien of Ids Huhjects? 

What was die cai:sc for tlivorce? Which parent was folU>wed hy 
the chiIc|ren ? What wa^ the pinmhnient for aduhery? 

RuL' of fltjrcitt. Tliough sibs (clans of British .'Liit1inq>o1i^isi^ i tn.- 
generally lacking in Folynesia- they occiir in EaUer Islarnl and ilicir pres- 
ence should he inquiret) inio in the in vestigat ion of ihc less known gronpH, 
Althonjfh even in Easter [sland they are m>t esoginnous* the iuvestigator 
st-ould he on the looltout fnr evidence suggestin^ former exoganiy, 

Apart from a sili system, a definite nile uf descem may hoh| as to 
tlic decent of pre-pmy < for which, see Mnw) and nf raiik. F raiik pri- 
innrlly mhL-ritod thron^h tVip fatlier pr ihc niniher? 
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Cltildn**!. Was inf-iiiiti eide praeli sed? If so> was ii limited to h- 
nmles? Was it praclicod only or mainly by spccial classes of socieiy. 
sudi as the nohility or a sceret nrganizalion ? 

At what pcriod dici the child rcceive a nam e. and on what prindplc? 
FFow was its education conducted? Were there sperial schoob, ecek^ias 
tie or sentiar. as in New Zcalami? How was instructiori given in the 
different nrts of tattnomg, caiioe huilcUng, and house buihling? 

Whnt citstoms were observed at or ahont puhcrty in the case <■! 
bnth sexes? Was tattuomg or circumcisiori regarded as a necessary prt- 
limimry io marriage? 

Two topies should be mvcsligatcd with spccial care — 
Ilie kincls of property and the rules for their tran Sinis sion, More partien- 
1:irly* were there fornis of incorporea! property, e. jf,, were certain privi- 
leges sudi as that of recitiug a pocni or chant inore or less copynghted? 
It is iiot at ali necessary that the sanie rulcs of inheritance should hold 
for ali kincis of property ; hence, spccial queries should be made for eath 
kind. To what cxivnt prope rty was hekl by mdividuals. by the comnmnity 
— or fiv minor grnups. is an important probi em. 

As regards hml, the sanie area may he held by different penple for 
distinet purposes. as in Xew Zealand; one mau may have the right 
to iis vegciahle produce. auother the pro roga live of huniing on it, ete 
The best way to examine ihe subjeci is to proceed as enneretely as possihle 
to take delinite plots of l:md and to study their individua! hislory with 
ali the rigbis connected with it and their precisc mode of transmission. 
Tllis will involve it cinge Study of the siibjeet of kiilship. 

Kiushif', Hv ohiunuug in eaeb communit y studied a series of gent- 
ali>gies the liekl-worker shoilltl asrertain as accurately as pnSsihte the use 
of the existing kinship lermmofogy, Where complete genealogies are not 
availahle* pedigrces of limited scope trtay prove usrfnl and are always 
pre f e rabie to direcl questioning That is to sa>\ except. perhaps, for the 
very simph-st tertus such as father and mother. the fielcUworker should 
a verni asking how sudi and siicli an English term is rendered in Poly- 
nesian. Taking for his basis the pedigrecs previously rccorded, he should 
a^k : “1 low do yon address John The genealogy wil.1 show that John 
is the informant'* fatlier'* brother, and the answer enn tben be cbecked 
by asking other uiforiiiams to designaie mrresponding kinsmen. 

In comuvtifHi whb the kinship ternis mnst be investigattd the kin- 
sliip usage^, i.e. b tlu fc special fornis <d social intercourse laid down For 
certa in rvtalives by hlotid or conneetious by marriage. For example is a 
man s future sponse selccted by his fatlier s sister? Is a girPs mother'5 
hrolher cntiilecl to n share of the hride-pricc? Is a man cntitled to claitn 
part or ali of hi^ tmu-mal nticte + s legacy? May he marry his matemal 
uncleX widow ? May hc play iricks on Isis matemal unde? May the 
chiJdren of a mau jesl freely—and eveu ohsceiiely—with the children of 
his sMcr, and vice versa? 

On the other liand, are the re Utboos regiikitiiiK eondnct + c.g., i^ 
a mau forl>idden to holci conversatioti with his niother-indaw or utter her 
name? Is an adult breaher forbichlen to chat with his adttlt sister? Is a 
man fnrhklcleii to speak with his daughter-in-law ? 

Attention should be paid to the eorrelalion of ceriain of these nsages 
with eertassi others P l ,d nr example, may a person jesi with iliose tndividttals 
of oppeisite sex wbom he may marry? Must hc refrain froni speaking to 
those he may not marry? 
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D. LANGUAGE 

Forr facts stand out in regard to Polynestan philology : 

(1) The speech uf the entire region consisis of a group of essen¬ 
tia Hy similat and closely rdated dialecis. 

(2) There cxist printed grammars p dktionaries r vocabul aries, ot 
texts for nearly every pm of PolynesU, 

<j) Scarcely without exception mtives p or m&ny of them p are able 
to write their dialects correctly, beside* sometimes furnishing translations 
into European knguages. 

(4) The Polynesian dialects are only part o£ a much larger family, 
the Mak.yo-Polynesian or Auslralasian, which include* all the languages 
of the Pacific (exceptio^ those of New Guinea) and perhaps extend& into 
the mainland of Asia* 

From thcse can siderat ions it follows that Polynesian philology has 
passed tlirough :he explanatory or descriptive phase» ac lea st in the rtiain. 
What is needed is coordinating synthetic work. This means a reconstruc- 
tiyn of the genuine or orighifi) Polynesian longuc; the determinat ion of 
iis pbce in the htrger Malayo-Melanerian-Polynesian family; the nature of 
the changcs whkh the various branches of this ancient family have under- 
gone in ihe course of a thousand years; the causes of these changes; and 
the Continental families witti which this Oceanic duster of languages was 
connected in the dim past These are problems which can positlvely be 
solved if they a rt attacked deliberately But they can be solved only by 
a philologis! aequa inted with philologkal met horis and endowed with 
capacity to use ihese methods in more than a mere routine man ner. The 
rigbt man* assured of the opportunity to devote himself unintenruptedly 
to the task from five to ten years, could solve the above probletns in great 
pnrf Tinnuli lie might nnt hr able Tn answer all questions, he would a 
at any rate develop them to a point from which other competent students 
could carry on the researeh where he kft off, and leav t Oceanic philology 
as an orgamzed. usable body of knowledge^ where now it is but a mass of 
data. Tjie method being a historic one ? it can be predicted without hesi- 
tation that the findings would much transcend the Jingnistic ficld and would 
be haileit by students of race and cultarc origin as indispensable contri¬ 
butione to their problem. 

More thati one man wouid not be necessary, in faet not desirable ; 
hut this man must be thoroughly competent. Opportunity for field in- 
vestigations should be provided when needed, but would be unly a scc- 
ondary con$ideration r It probably wyuld develop now and then that 
some group—say the Paumotus—was insufhciently represented in the 
available data. In such case it should be possible to arrange for the 
prompt collectiori on the spot of the data needed to till such a rtlp in 
compnraiivc knowt^dge. This could often bc done by «ngaipnR native? 
to write out what was wartted. But a linguistic survey of the entirc 
Polynesian area de novo, when there already exists a wcalth of data 
scient i fica lly undigested, would be an unwise expenditurc of time and 
moncy. This availaMc litcratnr;, so far as it is wor+h whilc or rfccccssary. 
should be mastered and made tlre basis for a synthetic study of the whole 
group and heyond. Of course the Unguist may and h likely to wam to 
make a fairly rapid field recomaissance himself. so a& to get a sound 
phonetic basis and find himself irt a posirion to jnterpret the puhfished data 
rightly. Experience in such maiiers has shown that nn overhaulitig at 
first hand of work done by others is apt to be unexpectedly prolitablc. 
There is p after atl. no substitute for dircct impre&sions in linguistics. It 
is like art. In both fields one may talk a deal around the subject and p 
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failing dircct contaci with the source. go far a fici d. However, such rapid 
ficld reconn ais sance would not cntail very in tensi ve work at many points. 
Tt would give point of view n perspecuve, and vantagc point from which 
to evaluale what is already more or less adcquatdy rccorded. 

Again T it should he noted that the linguistic probi em of Folynesta 
is au imegral part of ihe larger question of Malayo-Polynesian and the 
stiil larger Australasian group. It is greatly to be desh-cd that the 
investigatorg have that complete grasp of linguistics essentia! to a per¬ 
specti ve treatment of tbe languages in and about the Pacitic, 

Tnasmuch as the work should be in the hands of a philological 
specialist there would be nothing gained by setting the members of ethno- 
logical cxploritig parties, who would ordinarily be without specific philo- 
logical traimng, to the task of compiluig grammars and vocabularios. 
Thetr work and linguistic rescarch should be divorced as far as pos&ible. 
Tt is true that au cthnotogical cxplorej uceds a working knowledge—a 
sptakinff knowledge—of the dialect of his arca if he is to do his ethnology 
in the hc$t possible way; but it should be clearly understcod that what is 
a temporary tool to him is an ertd to the philologist and that the latter 
cannot depend on the hy-prodttcts of cthnological iu vestigat ion s, Only 
by sepnratmg the two Sciences of ethnology and philology can each be 
spccializcd to ihc degrec of cxactness netessary to ncw valid conclusione 

E. music 

Cnllcctions of SOHgs, chants. etc,, cati usually be made with little 
expenditurc of titne or inoncy, The chief expense is the slight cost of 
phonograph cylinders, The seturing of severa! hundred recorda from each 
group would assemhle a notablc and uniqut cnjleclion of Polyncsian native 
music in a few years p at a lolal cost of prohahly not exceeding one thou- 
sand dollars. This would mnke possiblc at any future time an exhaustive 
comparative and analytic description of Polyncsian music by a trained 
sprdalisL 

The tothniquc of phonograph recording is simple and rcadily aequireti 
after a few trial records are made, A few hiuts follow: 

fO Part or choral singiug should not bc wholly neglceled iu favor 
of individua! vnicc; alihough more difficult, fairly aderjuate rccords of 
scveral simultaneous singers can be obtained. 

{2) Rhythmic acconipanimems are nften an integra! part of songs. 
They are usually impossildc 10 recnrtl wilh full intcnsity p but cover a 
point tliat is invatuahlc 10 the student of music. 

A fair proportion of the cylinders should be devoted to repe^ 
tition of songs by (a) the origiual singer at another time p and (b) other 
singers. Primitive music, being noielcss. is more fluid than ours. and for 
an accurate study the variations are as important as the hasic tbemes. 
A luindred records bcaring hundred different songs are less valuable 
than lifty soiigs obtained once eadi, plus len obtained twice from the same 
singcr + |i1lis ten nluaincd twice frosn a different singer, plus one obtained 
from ten singers. 

(4) T dent i liem ion nmubcrs should hc cut at emee into the ed^e 
of wax cylinders instead of being vvriuen on the hox, 

F. III5T0RICAL HCSKARCH 

Tn order 10 appreciate the cuhiira) and cthnologlcal diaracters which 
werc the original pnssession of the Polyncsian people$, it is necessary to 
detine, wilh as mugii acciiracy as is possihle todny, ilioso contacts which 
have been made with Potyncsia bv each vovager. Il is not only de&ir^bfe 
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rhat wc shoukl know the exact cultura! phase of the peoplcs of Folynesia 
hcfore ihe advent of the Briti&h navigators of the later porlion of the 
eighttenth cemiiiy; but it is essential that we »hould he in a position to 
appreciate their condition beforc any contact had been made with the 
carlier Spanish and Dutch navigntors and with the Pacific whaling fleets. 
In order to ohtain this vtry necessary k no wl erige. a preat deal of hiscorical 
investigation must be made. A well-qualified student of history. equipped 
wiili a wofkinp knowledge of I*atin, Spanish, and Dutch* ctmld work 
wuh advantagc in arty of the large centers of learnin? where aood iibrary 
and research faci Ii lies are available. Hut such research should be $up- 
plcmentcd hy the examitiation of archlves in Spain* Mexico H and Maniia. 
An exhanstivc siudy of the cxntitig recorda of early Pacific voyages is 
a prcnt desideratum at the prc^rnt time: ita findinga woukl ykld rcauhs 
of importance to botany and zoology ns well as anthropologv in ti* wide&t 
sense. It should tfierefore bc undertaken with the definite aim of meeting 
the reqtiiremeiUs of these different branches of Science. In order to m^ke 
the knowlcdge gleaned from sucb a rescarch availahle to tlic student it is 
stqrgested that ali references be prepared in sucti a way as to malit possible 
their in Corporation in a card-index system. 

Manpscript materiat in generat could dotibtlcaa lic cnriehrd by coi- 
Icctions of lelters and papers from early mis*ion aries and tra veler s. 
Possibly the files of the Utmaean Society and similar organizations ccmtain 
papers of importance but a fidd of special proniise lies in tlie records 
of courts where native custom must have received consideration. 

2. AsTHHOPOMETHrC AND A NATOM 1CAI, RESEARCH 

The Folynesian problema under this head are of two sorts: local and 
General, 

Lami Frobhms. As an illustration of local problem* wc may use 
the Hawaiian irdands, for with various modifications due to the size of 
the populat ion and the number of racial types involvcd the same problema 
are found elsc where in Folynesia. 

(r> The fim local problem is the accurate definitiori and descrip- 
tion of tlie Haw + aiian type or types, Tliis involves the study of living 
natives and a representalive collection cf skdetal materia! sy sternat i cally 
collccted. Soch a stndy should resuit in conchis i otis as to the racial 
iiFF.niiics of the Hawaiians, point out their ppeciall^alions or local charf-c- 
teristies and indicate their homOgeOeity or heterogeneity. 

(z') A second local problem is the mortem intermixture of racial 
types. For this problem the Ikwaiian Islands are an ideal hboratory. 
Bcside yaelding gerteral Information on the laws of heredity. sndi studies 
should give answer to such practical questions as to wliat ract^ produce 
the most homogeneons ctosses and what effect such interTnixture has on 
the humari groups. Are the results desirable or untle^irii?>lc nicntoUy r 
morally* and phy^icaJIy? Are the half-bloods more or less fertile than 
the pure racc? 

f O A thinl and very important local problem h the qneslion of 
growth. The schools of Honohilu offer ihc oppcrttiiiity of studying, side 
hy sicle, brge groups of Nawaiian. Jajancsc, Chinesc. and Fortuguese 
children, and various types of crosscs ali growing under ihe Same cnviron- 
mcntal coiiditif^ns and h,s nearly as possi de of about the aahic ^ocial and 
economic status. The conditions for \hh cxpcriincnt are as ncarly ideal 
as we may hope to find £nywhere. Such a study shopld include niedkal 
and dcntal investigations and proimscs to be of direct ecotiomic interesi to 
the Territory, 
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{4) Closely related ta the qu est ion of growth is one more purely 
environnientab In the Hawaiian Islands we ha ve an opportunity for study- 
ing Japanese born iri Hawati and Japancse born in Japan T Chhese bom in 
Hstwaii and Chirese born in Chma. Wc have an excellent opportunity for 
testmg the stability of these types under different environmenul conditions, 

The four probltms outlined aiiove are, in our opinion, the most import¬ 
ant local researches demandmg immediate attentiou in the Hawaiian Isl- 
ands, Any one of thcm involves scrious rcscareh on the part of onc or two 
men for at Eeast a year, With some modificat ion s the same problema exist 
in other Pclynesiati Islands, For example, in Sattioi and Tonga we en- 
coimter Mdanesian intermixture in place of Chinese. Thus the same gen¬ 
era! rccommcndatior.a will apply to ali. 

General Problema Problema concerning the racial affinities of the 
Polynesians, their i uter-rd at i onsliips and the probable extern of their phys¬ 
ica! contact with other races in the course of their migrations, belong to a 
different catcgory. The satisfactory aolution of these questions, in a reason- 
able length of time and with a reasonablc outlay of rnoney would necessi¬ 
tate the investigation being undertaken by one man orat most two or three 
men working in the closest cooperation, Wc think it is fairly qbvious that 
these men should be trained and interested primarily in physica! anthro- 
pology. While in a short space of time it is possible to train an ethnologisi 
or archaeokgist to fili out sci forms of anthropometrk records, it is impos- 
sible in a week K rnonth, or even a year to eqnip him to carry on intclligent 
rcsearch in physical anthropdogy. A blank covqring ali the essent ia l points 
would be too cumbersome and staggering to yield desirable results, This 
statement sttould not be taken as questioning the ability of ethnologists or 
archaeologins to do scientific work, for we believe that physica! anthropolq- 
gists are equally unfkted to do ethnological or archaeological research* We 
make no specific recommendations as to technique because it is taken for 
granted that the men selectcd to carry on these specifie researches will be 
properi y eqaipped. 

Furthcr, the prosecution of the physkal probletn in Polynesia is of 
such nature that it is desirable to separate it entirely trom other pliascs of 
anthropologica! rcsearch. The genera! plan of procedure should be to pro 
vide for a year's study in one of the targer atid prefetably outLying gr^upf 
forpurposes of orientation and foundation. After a fairly thorough study 
of one group on whkh to buil-d, he could proceed rapidly with other sde^tcd 
isbnds and de termine the modificati otis encountered, The fogical starting 
point would be any one of tlie areas whicli we believe to bc most distant 
from the point of dispersa! and which presumably conttin end types. Under 
this he^d come the Hawaiian Is1ands t the Marquesas, Paumotu, and New 
Zealand, Froni these marginat areas the studies should be continued in the 
Soclety Group P Samoa, TongA. and Fiji. Our kuowledge of the Polynesians 
will be incomplete until at Icast one Melanesian group, prefcrably the 
Fijian, has been studied, For a complete rounding up of the problem either 
the Marshall or Gilbert groups should be visited. If it should not be pos- 
sible to carry r out this prograrti tn full, the most profifablc procednre wrould 
be Io confine the study to one margina! group and procced to the assumed 
points of dispersal, Tahiti, Sainoa. Tonga, and. if necessary. Fiji. The 
scii e me can bc expanded or contracted to m?et the requirements of lime 
and expense. 

Colli'ctwn of Dato, As the Polynesians are on the road 10 extinciion 
and assimilatioiu the collecticn of pbotographSp plaster ca&ts, skeletal mate¬ 
riale etc., is of the greatest importancc. While such collection is best cone 
by a speci ali st in physica! amhropology, it may be profitabJy supplemetited 
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bv field-Wv>rkcrs in othcr lines. This is partieularly tnic of plaster ca?ts, 
which mav he successfulb taken after a briet period of training, 

3 . Anc ir a^di^oc. 1 c ai, Rcs£ABCti 

In ttie insular areas of the Pacific, the fundamenta! problems are the 
origini, migratione, and externa! contacts of the inhabitant». Our chief in- 
te^est in thU eonnection ccnters in Polyntsia. Sinet the Polynestsn ra.ee is 
stili repre>ented in the ftesh and shows, through hs iraditions, continuity 
trom the present to the time of b residence outside the Pacific, it is diffi- 
cult to consider the problem from ati archaeological standpoim alone. 
K tdini iiiiddeii» and uther fcalures suggest carlier habitation in ilie Pacific* 
bm as the case stande todiy there are tiogood grotinds for presmpposing the 
presence of a race prior to the Potynesians. It follows then thnt while 
archaeological wcrk mu&t necessarily be limited to the specially verse d in 
the held tcchnique of the siibject, Polyncslan arehacology requires a comi’ 
prehensi ve knowltdge of Polynesian culture* As stated under an earlier 
section of this report. we recominend Chat material culture and archaeolcgy 
be placcd in the haiids of a single investigator. Fnrlher. since in a tiutnber 
of the Isbnds the most important remains are of structure» for religious 
purposes, the a rchafologist must n Icast work in close cooperation with the 
student* nf culture. Wc commcnd the present plan of the Bishop Museum, 
Honoltifu, to send twn men to each gr-nup. onr to investigate materia) rui¬ 
ture and archaeobgy, the other to give his attentton to rdigion, mythology* 
socia! organization. etc., thus recognizing the complementary relatton be- 
tween eihnology and ardiaeology in Poiynesia, 

Sinre Polyncsian archaenlngy is tn most respects a virgin ficld, Ihe 
first problem is to make idnnd surveys. So far as our ethnologieal data go, 
the rulc in Poiynesia was for eadi island to he a politica! unit governcd by 
a chief or group of chief* as the case itiight he. The esercise of absolute 
authority by these primitive mofiarchs enabled the undertaking of public 
works upon a rebitively large scale and the develnpment of insuhr individ- 
ualities, Hcncc* hoth from cultura! and geographte standpoints island unit 
siirveys are to he rerommended. 

The order of proceedure on a particular island might be as follows; 
f^ocation and ploning of vtllage sites, and in relation to these, the water 
supply, cihttvated fidds, trrigation ditebes, temple sites, fish pondsand wcirs, 
ali other evidences of native Industries, and burial sites. As a rule Polyne- 
stfln temple sites require careful plotting in detail to reveal possible differ- 
etices in lype. 

Sitcli a survey should not only reveal the content of the archaeology 
for the island examined but should gtve htnts of time relations and local 
variatioris. Typkal sites sbould then be chosen for careful study, with 
exeavations where needed. 

The investigator should bear in mind that the funda meo tal ohjcctive 
of this researcb h chronology, or relative time-rehiions. Having differtti- 
tisted types of tenple niirs, for example, be sbould then seek fot evidenees 
of dsfferencc in age. Superposition being the ultimate proof of time- 
sequence, careful searcb for such should be made. This applies particularly 
toshell-heap investigatiofis wrhere secti om should be carefuJly taken, rccord- 
mg the depth and position of the varioua objecta found. Sinte the fauna 
must also he worked out with great care, it is advi^ahlr to takp up these 
section» in layers along arbitrary leve Is and all of the shells and boaes 
worked over with great care r This will require ultimately the Service of 
severa! specialists t but until typical deposits havt bcen trepted in this way 
no great eonfidence can be placed in the resuit. 
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To these gruem I rvrornmrrulalions wf ndd ih* follnwing romments: 

Structural Rtmtiins. The mecca of Polynesian arcliaeologists is 
Easier Tsland, which has been known to Europeans for two hundred year$. 
buX scldom visitcd. The problema here are the gigamic stone iimges, stone 
sculpture?, anci st t7n<? piat fornis. In the last decade, severa! expeditions 
have visited this spot, and the partial reports received indicate that the 
stonr work pertuins to the ancestcrs of the present people, generally recos- 
ni?:c<i as Polyncsians. Yct. imtil fmal reports are rcceivcd, it woold be well 
to postpone any recommendatinns in regard to Easter Ishmd. 

Remains of Polynesian villares. tetnple sites, forts, graves, h$h pomis 
and weirs, and water courscs are reported in ihe folio wing islands stili 
jnhahited by Polynesians: Tlie Hawaiian, MarqnesaSp Oamhier, Society» 
Auslml, Cook, Tonga, and New Zcaland, to merition the principii groups— 
in gtneral the high or volcanic islands* or those of greater size, where the 
country fumislied the wherewithal to build. Wiih the onrush of civiliza* 
lion, sttth remains as are not entirely destroycd are rapidly disappearing, 
and only prowpt work can save for posteri ty the data which nite sought. 

In Hawaii, mnst of the tcmplc sites have bren located and described. 
In tlie Marqtiesas linle has been done. In Tahiti and the neighhoring groups 
wc have deseri piions and illustrations of the more important archaeological 
remains froni the accounts of the early voyages and missionaries. In 
Totiga we havg accoums by Maiiner of cena i r f ea tu res which glve an 
nnricrstanditig ai ihe remains now foiind. In New Zealand, rmtch work 
has liccn done Imt doce intciisivc search frcqncntly reveals what is not at 
Jirst apparent, the New Zealand field invites further research. In connec- 
tion wiih the t em ples or nther fornis of worship there wcre stone images 
not as large as thosc in Easter Island. which have been reported as re- 
maining in the Marqucsas and Austral Islnndi, The fulks* inquines 
shoultl be made about these wtthom delay. 

There is a famom trilithon at Haamonga in the Tongan group, and 
whik formerly supposed to have been preli htoric+ it has latterly been 
shown. throngli traditione to have bc.cn of Samoan origin, However, the 
likc lias noE been fonnd in Samoa. 50 that the matter remains to be settled 
by further investigat ion. 

u-Pttf Xf ititifu .e. Kitdien miEldcns have heen referret! to 
and are frenuenlly Associated with rock-shelters. Botli have been found 
and worked 111 New Zealaml. They bdong to temperate ditnates, where 
forni wmild be gathervd iit quantity and takcn tn a shelter for faiing. In 
tropiral sectioris, where the halanee of the Pc>]>:iesiatis are to be found. 
conditions wcre different. There was 110 urgent need for shdter, and nutch 
of the mollusca 11 food w;ts eaien where gathered. On this aecount* we 
shmikl expeet feiv kitclicn lllidtlens in the tropies. In rare instaaees, 
and sbcltcrs have been used by Haw r aiians for dwellings and workshops* 
and where fonnd hr.ve furnished valuable materiah They have only been 
revealed by delaited search: hencc hy the same method, they niay be 
brouytft to light in ihe Southern gronps, 

ft is cluefly froni such remains as these that we get the most definite 
data for llic time senucnces of culture. Owing to the fact that Xew r Zealand 
swm^ to be tlie part -M Potynosia w here such remains abound, we tnuat 
look ro dic archaeulogists of that country for the last w r grd upon the 
suhjcct. 

Rurinis. The Polvnesian System of sepuliure varied + hodie? being 
placcd both in caves and undergropnd. No systematic work has heen done 
in the way of cotlccting skeletal materini in the Pacific; but as this materiat 
(tlie mest vahmhle for the determinat ion of the Pnlynesian area] deterior- 
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ates with great rapidity in the countries of deposition, we woultl regard ita 
collectiori as a matter of paramount importante. 

Uninhabitcd Islonds. There are many othef islamjs rtgarded as fcav- 
ing heen inhabitcd by Polynesiaus which were fotmd deserted at the time 
of their discovery hy foreigners. We state they were inhabited by Poly- 
nesians* merely by in fe ren ce. on account of their geographica! relation to 
the inhabited islands. These islsmds contam much archaeulogical materia], 
the rcal origin of which we do noi know . Among them are Sala-y-gomer, 
Pitcaim + Oeno, Malden, Chrisimas. Fanning, Washington, and Necker 
Islands in Eastem Polynesia, In the west is the Kermadec group, and no 
dotiht hdtcr acquaintance with the outlying islands wotild reveal others of 
similar hierest. Archacological research shrnrid be directed at once to 
ccrtain of these istands which are now inhabited by workmen brought in 
fer comraercial ptirposes. before more d^rnage is done by unscientific work 
ers. These islands wottld be expecied te furmsh valuabie evidence as way- 
ports of the Polyncsian migrante, 

PrfSfrt r Qtiot t $i\d PeJforahon Archaeologists in this held should 
endeavor to create a public demand for the establishment of parks endos- 
ing the most important remains The Territorial Government of Hawaii 
has recently inhiited such a poliey and placed the examination and restora- 
tsnn of the remmm unrffr the flirerlion of the Bishnp Museum. We hope 
that the governmems in cotitrol of the islands of the Pacific will take steps 
to preserve for scientilic invesligation ali large struetural remains wilhin 
their respcctive provinces, and, in addition, one example of a village site in 
tach if it can now be found. There is need for urgency in this 

rrcotrimmdation, as has heen shown in the Hawaiian Islands and aa is 
farther illustrated by the reported destruction of a very famous temple site 
in Tahiti. (This is the oblong stepped pyramid at Papara, illustrated and 
describet! by Ox>k and other vcyagers and therefore made of world-wide 
iruerest.) Of equal importancc is the need of govemmerttal aid in secming 
skeletal materia I. We regard the New Zealand law restricting exportat ion 
of anthr&pologienl speeimens as of benerit to sciencc and hop* to see its 
provisions extentied thrmighout the island section covered in this tepori. 

Ardtaeology in Otkcr .4reos, Whik this section of our report is !im- 
ited to Polynesini. the recommendations we have made apply almost equally 
to Mclariesia and Micronesia, The satisfactory interpretation of a cliro- 
nology for Pulynesia, for example. must aw F ait similar dita for the adjacent 
islands, MJcronesta prcmiises to be of the greatest importancc for there 
xvc tlnd conditions similar to those in Polynesi;.—monarchia! governments 
powerful witliin their island spheres. and large structura! remains. Two 
places may he mentioned in parti cula r t the ruins of Mttalinim at Ponape in 
the Caroline Tslan<ls and the stone avennes at Tinian of the Marianas, and 
there firc othera. Thcsc are prchialoric aa far aa the present Miceonesinn 
traduions are concerned and ha ve parti y developed on Ponape. They pre- 
srnt no analogy to the work of Polynesians, though they have been 
gested a£ the evidence of the routes of Polyncsian migrations. There are 
4lso stone graA p e& in this section reminiscent of those in Tonga, and they 
should bc investigated for possible coanections, The point h awaitmg 
solution, 

Fisb ponds. or weirs p are present as in Polynessa. structar^fi 

extend throughout Polynesia, Micronesia, and Melanesia, the Philippines 
and the Malay Archipelago to the southeast, and sonthem portions of Asia. 
The exhausti ve investigation of this culture trait is recomineiuled 

4. PSYCHOLOGSCAL RESEARCH 

Research in race psychology is as difficult as it is important, There is 
scarccly a subjcct in regard to which dependable knowledge woukl bt of 
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sttch profound applicability in sociali political, and etonomic relatione Yet 
actml srientifie data of incontestable interpretat ion s are scant; so scant in 
fact that the worJd at large starcely rcalizes that the ignorance exists or 
that sts dissipation wouid be of htensdy practical valae. One of the chief 
ohstacles in the way of progress in undcrstanding of the psychology of races 
has been the fact that any communit}' or natiotiality is always the product of 
two scis of factors: (t) the inherent psychical endowment of the individ- 
uals composing the group; and (sl the culture or traditioual accumulat ion 
of menta! producis characteristic of the group as a group. Psychologica] 
tests have been dcvised to ascertain with considerabit accuracy the mental 
trails and capacity of separate in dividua! 5 as compared with other individ- 
uals imlhin the sanie culture. Used with individuals fodonging to different 
cultu res, the large majority of intelligencc tests yield ambiguous resulta as 
it is extremdy difficult to determine what in their findings should be 
referred to individua) hereditary equipment and what to mass culture. 
Progress in this problctn cari therefore bc achieved only through a tech- 
iiique which discriminales the individua! psychologic and the group cultutal 
eloments in the living material investigated. This means, apparcntly that 
the heginninKs must he made by a codperation bctwecn experimcnUil psy- 
chologists* who are cxpcricnced in dealmg with the individua! qua individ* 
ual and fiekbtrained nnthropologists, who through prisnary concern with 
socia! data as such have developed a "feeF and power of instincti ve recog- 
nition of what is of cultural origtn. The complete surmounting of the lari- 
guage harrier n important as this is. wouid be only a first step loward the 
accumulation of real data on comparative race psychology. Coaperation 
hetween the two Sciences* in the form of jointly conducted in vestigat ion s— 
not merely paralie! or simultaneous hut actitalEy collaborative—thus seems 
called for. 

As regards Polynesin, two opcmngs present themselves for attack. 
The first wouid bc an investigat ion. hy a psychologist and ethnologist work- 
ing liand iti hrind, of some of the least civiltred and missionized native 
groups in the Pacific Tslands. Execpt for the Torres Straits Expedit ion 
twenty years ago, when intelligence tests were stili in their infancy, no 
serious attempt of this kind seems ever to have been made. The results of 
an expedition therefore promi se to be rich if the work is entrusted to prop- 
crty qualified men, It wouid he necessary that these men control not Only 
their ovvii tcchiiiqucs in most modem form, but that they possess an active 
understanding of the problem. versatility, and imaginat ion, 

A sccond line of attack wouid scem to be furnished by the prement 
inhahiLants of HawasL who are of notonously diverse raeial and cultura! 
provetnenee hut rapidly assimihituig toward a uniform Caucasian mode of 
life. Their cluldrcn cspccially inust now r he exposed to nearly uniform 
cultura! mfluences, while six or eiglit racial types are represented tn fre- 
quent raeial purily—Polyncsians, Mongolian, Chincsc, Japanesc, and 
Koreans. M ala yan Fili pinos. Cmicasian Pono Ricans, and Portuguese, etc. 
Here, while conditions are rtiticial* 1 in the sense of bcing no longer 
natkmnl r>r aboriginah the complkatiotis caused by the mirigling of the inde- 
terminatcs, culture and heredity. wouid hc at a minimum, and less intricate 
checkins wouid prohably bc reqnired. Resides, abundant materiat could 
proliably bc made available through the school authorities. 

In this disctission it has been assumed that the psychological researeh 
of grentest ititere&t wouid bc that relating to getieral intelligence. Certaiuly 
the present status of nicntal tc^ting points to this line of attack as the most 
promising, In gcneral, methods for the isolation and measurement of spe- 
cial abilities are stili in a very backward state. It 1 $ probabk, however t that 
something could be done tn this field. In the schools of Hawaii, for exam- 
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p1e h measurements could be made which would gauge the relative sense 
with which native children master the different subjects of the school cur¬ 
riculum. In partit:ular + mathematica! and musica! ability could perhaps be 
fairly accurately measured Tn The case of mathematici) ability compari- 
sons would of course have to be limitcd rigtdly to racia) groups which had 
had equa! opportimity ard incentive for learmng the subjeci, Music, an 
the other hand T offers a relatively simpler problem if + is Seashore ’5 data 
setm to indicate, the eJemcntal traits which undtrlie musica] ability are 
practically non-improvable by trainmg, 5ea$hore p s tests could probably be 
applied tothe most primitive Polynesians. with only minor adapUtions, and 
the resulta could not fail to be of areat intereat. 

The mcasurement of racial differences in general intelligence is of 
course extremely difficult and will deniand the most cautious and painstak- 
ing labor, but it would not seem to be impossible. The ptoblem is primarily 
iliat of devising lesis which would bring imo play ali the important Imel- 
lectual processes but which would be relatively little influenced by diffcr- 
ences of cultura! status. In jtidging the validity of a menta) test with ref- 
erence to this poirit it is mmccessary to rely upoi; persona) opinion, even of 
the most competent. Investigations have shown that within certain limita 
of error it is possiblc to determine the extern to wbidi the results of a 
gireti intelliRence test are subject to cultura! mfluences, The methodi is to 
compare the results of a given test for two groups of individuals differiriE 
anly in cultural status; one group primitive, the other cotisiderably modified 
by alien culture. Tests which yie'd similar resulta for the two groups wliile 
at the sanie time bringingout the individual differentes among the members 
of each gioup taken aione n myst be rcgarded as valid. 

Accordingly, the first step would be to make a selection of the exist- 
ing tests which came ncarest to meeting this criterion and to devUe new 
one$ which would seeni to promise well in this regard. The secortd step 
would be to submit the entire collection of tests to trial in order to secure 
co effici ents of cu Itura! influcncc. The lea st satisfactory Tests could then bc 
eliminatcd and the best retained and improved, These preUminary uiverfl- 
gations for the purpose of preparing suiiable psychologica! methods would 
require the full lime for at least one year of a well-trained psychologist 
ar.d an assistant aidcd by a committee of psycholcgists acting in an advisory 
capaci ty. While such prclimmaTy investigation would tntaij a good deal 
of expensr, ir ahsolutely necesSary if worth-while wnrk is tn he firme iti 
the comparative study of racia 1 intelligence, Attention te called to the fact 
that when satisfactory lest methods ha ve been perfected for the study of 
Polynesians they will probably be found to have wide applicability in the 
sfidy of other races. 

To indicate in detai) the types of tests which would probably be found 
useful foT the present purpose is outside the purpose of this staiement A 
few general principies, however, may be laid down. 

In the first place t Ihc methods should be prepared with a vjew to 
individua! rather than group examining. While the meihod of mdividual 
examinatiori would limit greatly the number of individuals for whom 
mtasurttnctits could bc aceurcd, this wouid doubtless bc more than eompen- 
sated by the greater reliability of resulta. With proper attention to :he 
errors of samplirtg. carefui meastiremcnts of a few hundred individuals of 
each of the races to be compared would give a reasonably satisfactory basis 
for conci usions. 

Secondly, tbe tests would have to be absolutely independent of the 
htiguage factor. Psychologica! work in the anny has demonstra te d that 
tbis criterion can be met. It was met by severa! tests in the Reia scale and 
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by a majority of the tests in the so-calkd “per formante scale" which was 
us«d in the individual eximination of illiterates and Foreiguers. 

Independence of 1anguage r however, is not sufficient. It will also be 
necessary, in thetbird pla"e, to avoid the use of tests making demanda u?on 
mental processes which the life expenence of the individuals have not 
brought inio j>lay. This criterion obviovdy harder to satisfy, It h not 
satisfied by a majority of the Beta tests, or in general by any test of the 
“pencil and paper” variety, even those whicli require merely the comple! ion 
of pktures or forms, rcproduction of drawmgs, and similar responses. A 
few of the tcn tests in the individua] l+ performance scale" are less objec- 
lionabk irs this respect. but it is probable that few if any existing tests can 
be taken over without greater or kss modificat ion of both coutent and pro- 
ceedure, Caution will espetially have to be extrcised in the use of tests 
involving pktures, as pictoria! representation is always highly convemiona]- 
ized. The same holds for tests irwolving the use of itiarM, genmetriral 
forms, Form boards* etc. h though the prohlem here is not quite so serious. It 
would seem possiblc to devise performatice tests of the foliowing tjpes 
which would be relatively free from the influence of training: a maze test, 
a rnemory span test, a substitution test + a form board tesL a btoek desigrt 
test/ and other tests of ''eombinative” ability (i. e., tests involvirtg inteHect- 
ual synthesis). 

The mosi serious fault of most existine tests of the abovetypes is that 
they do not make sufficient demands upon the hiuher mental processes, but 
thfs fault can dcubtless be Iargely eliminate:!, The necessky of Improving 
existing perfomance tests in ihh directiori cannot he too sircngly empha- 
sized in the present connection, for ali the availnble data indicate that the 
decisive intdlectual differences hetween “superior" and "inferior" races^ or 
hetween “bright” and “dul! JP indivtduals of the same raoe F eoncem chiefly 
the liigher thought processes of abstractton, reasoning, and judgment ; the 
svnthetic ahitities generally, It is these processes which have made civiliza- 
tion. as we know it, possibk. While it mav be desirable for the sake of 
completenes? to include tests of motor coordination, reaction time, sensory 
acuity, perceptioni, ete,. we are not warranted in attaching anything like as 
much sismificance to diflferences on these lower levels as to those found on 
the higher Jeveh. Itideed, large differentes between taces on these lower 
levels may be practically non-existeni, 

When suitahle meihnds have becn preparcd they should be aopHed to 
three liundred or more 'unselected^ adult individuals of each of two or 
three primitive groups of Polynesians. and if possible to an equal number 
of each of several Hawauan srroups, including less primitive Polynesians. 
Chmeef, Japanese, Malayan Fitipinos, Porttipuese, and American&. Six or 
eight groups of three hundred individuals each would give a solid basis for 
comparison, 

A year would probably be required for the preparation of methods, 
anotheT year for admini.slrring the tests. and a thirri year for the workinsr 

up of resuits. For the entire period a psychologist and from one to tkree 
absistant; would be necessary. 

Ir emphasi^ing the importarce of research on racial diflferences in 
intelligence it is not implied that other lines of psycholojrical research may 
not be desirable or feastbEe. The emph-isis has been determined chiefly by 
the staius of existing mcthods. Iwen if the main purpose of the research 
had to do with intellipencc it could be expected that during the progres^ of 
the systematic observations would be made on mstinctive, cmotionah 

1 On rhe or<1«r oi ane nevisctl hy C. KoMs of SlanfonJ Univerftity T and de¬ 
seri hed hi a doclt>r’s dissertatipn not yet published. 
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and volltional responses and attitudcs, It might even be possiblc to arrangc 
a worth-while test for certam non-in teli et tu ai traits, taking as a poin: of 
departurc such tests as that of Woodworth (for detetting psychopathic 
trait?) that of Pressty (for measuring emotional reactions),, and that of 
Voclker (for measuring reliability). The use of such tests with natives 
would of course have to bc confixici to tho&c who had hnd cdvicational op- 
portumties similar to those enjoved bv children in the avtrage City of the 
United States, 

Psyfhottaalysis. Suggesti ve para 11 eis between the mental producti of 
civilized psychopathic or neurotic individuals and primitive soeial grcups 
have hecn repeatedly pointed out in recent years. These analogies are no 
doubt important but can as yct be interpreted ordy specu lati vety because 
almost nothing is known of the manifestat ion s of individua] psychopath- 
ology in uncmlized life„ and not much more of the forms talcen by the 
subconsrious of the norma! uncivUiwd individua]. Data on these matters 

would the re fore be unsually valuabEe» and Polynesia probably offers at least 
as good a rteld for researeh as any other area. Ii the work is undertaken 
by psycbiatrists or piychologists, they should be thoroughly familiar with 
the militu ; and reciprocally as regar ds ahnormal psychology if the researeh 
is entrusted to antnropologists. A joint cooperative investigalion would 
best meet the requirements of the probkm. 

11L SVNTHETIC RESEARCH 

Field-work in the Pacific Tslauds and dsewhere is largely concemed 
with the compilat ion of scient i hc data T The collectiori of sudi data for a 
single group of penple is a task of snch proportions that il will consume the 
greater part of a lifetime. Hence, the field-worker ean he expected to do 
litlle more than faithfullv report and systematize the data he has eollededl 
It follnws. thexi, that a comprehensive view of Polynesian culture and its 
relative position in the culture of man as a whole is a problcm of much 
greater bread:h than any of speci fic undertakings of the field-workcr 
We rccomnictit!* Iherefore, that as soon as practirable, provision be made 
for the supporl of two or more competent investigator* able to give several 
consecutive years to the highest kind of synthetic researeh iti (his atea, 
We recommend that at least ihree high-grade researeh fellovitslups be estab- 
lished. one for each of the followitig subjecis: Polynesian Linguistics* 
culiural liislury of ihe Polynesiails t rucial affini lies of the Polyncsians. Iu 
our opinion, the above order represents iheir relative urgency. It is a 
matterof coinmon knowlcdge that linguistk researeh, when properly under- 
taken. throws more light upen the origins of culfures and peoples than any 
other singk line of investigation. For specific rccommendaiions on tbis 
subject. see the section on Langtiage. 

It is our opinion that the establishment of sueh researeh fellowsliips 
under the auspices of researeh institutions in and aroutid the Pacific would 
lead to resuits of the highcst importance. 
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SALIENT FEATURES OF HAWAIIAN BOTANY 
By Charles X. Forbes 
(Unrevised manuscript. 1 ) 

Botanical research in Hawaii has been mainly conjfmed to 
the collecting and naming of plants, and to general accoimts of 
the flora, bnt no results of careful ecological work have yet 
heen published. Since the ptihlication. of Hjllebrand's compre¬ 
hensive flora in 1888, severat large collections of Hawaiian 
plants have been made and as a consequence the distribution 
of most of the etidemic genera, and many of the species have 
been considerably extended. Many tiew species and a few 
genera have been added to the flora, partly on account of more 
modern views conceming species, but chiefly becaiise collecting 
has been greatly facilitated by nnmerotis trails made by water 
surveyors and others through sections which were inaccessible 
and imknown to Hillebrand and the early collector?, While 
a great amount of systernatic work has been done in recent 
years, local workers are placed at a certain disadvantage in 
heing so far away from the targer herbaria where the types of 
early described Hawaiian plants are kept. and which it is 
more or less necessary to consuit before scrious work can bc 
tindertaken in naming plants with which we are famillar through 
field experience. There are large collections of plants in the 
herbariiims of the Bishop Museum and the Collcge of Hawaii, 
but on account of local difficulties in collecting and the nature of 
the flora itsclf the collections can never be complete until every 
single ridge and gully of the whole island grottp has been visitecl 
in at least two different seasons. A large numher of the most 
interesting plants have a discontinuous distribution, occurring 
as smafl dumps or even single individuals separated from eacli 
other by miles of forest which is often of the same character, 
iome of these species even extending to more than one island, 
Recent monographs give a true indication of the revision rteces- 
»ary in systematic work with the flowering plants of Hawaii. 
Hawaiian ferns are perhaps the best known group, and it is 

‘The denth of Mr, Forbes occtimd Angust 10 , 1920 , diiring the s*s- 
siiji] of the Conferenee. 
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doubtful if there are many unnamed species, but interesting 
problems of relationships will have to be worked out especially 
in the genus Asplenium in which the loca! species seem to form 
closely related groups, although many of the species also found 
outside of Hawaii come from widely separated localities. The 
lovvly hepatics arui mosses of Hawaii have proven to be of 
great intereat to students of piant distributiori, and while fairly 
well known systematically our knowledge of them is by no 
means complete. The algae are fairly well known; systematic 
work on the lichciis is practically complete; but of the fungi 
we know almost nothing. The higher forms of fungi, for 
somc unknown reason are extrcmely rare in Hawaii, although in 
Samoa and othet islands of the Pacific where the conditions are 
apparently the sanie they are abundant. Our knowlcdge of the 
Mycetozoa is limited to six species notie of which are limited 
to Hawaii, but others will undoubtedly be found when more 
local workers becotne interested in this group, Summarizing 
otir knowledge of the systematic botatiy of Hawaii I would 
say that ali the genera, most of the rarer species, and ali of 
the common species are fairly well known and are represented 
by specimens in the local herbaria, but that our knowledge of 
the range of the species, and the limits of variation even of 
the commoncr spccics is very incomplete, and will require 
further study and oollecting. 

The most important factors in the local distribution of 
Hawaiiati plants are due to volcanic eruptions. Ali the surface 
of these islands with the exception of a narrow fringe of coral 
rocks near the shore is of volcanic origin. The topography 
both of the rccent and heavily eroded mountains is different 
from that where most ecological work is being carried on at 
the present time, The igneous rocks and the resulting soils 
are different from tliose in most parts of America. The phy si- 
cal differences of rocks are obvious, but we know little of 
the Chemical differences, and nothing at ali in so far as their 
influence on the indigenom vegetation is eoncerned. Piant 
invasion on new volcanic areas has occurred countless thou- 
saitfls of times throughout the Pacific, and only after a thorough 
recognition of this proce ss can a ciear insight be obtained of 
Hawaiian vegetation. Also the destruction of natural vege- 
tation by volcanic eruptions has been a common occurrence, and 
I clo not think we yet realize what a vast influence these forces 
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have had on piant distribution throughout the Pacific, In any 
discussion concerning piant- distribution we shoud not overlook 
the effcct of violent eruptions in causing the migration of birds, 
and even the occasional disscmination of seeds to long dis¬ 
tantes, Last year a comparatively insignificant emption from 
Matina Ivoa caused the whole Tlawaiian group to be enveloped 
in a bine fcaze for a distance of nearly iooo miles, and to what 
extent this affected the weather and inddcntally the seasoiTs 
growth for that year, for lack of sufficient data we can only 
surmise. Volcanic phenomena arui their relation to either native 
vegetation or cultivated crops have reccived but scant attention. 
and ali that has been written on this subject would hardly fili 
a moderate aizcd Yohimc. 

Most barren rock surfaces require ages of weathering 
before they will support the higher fbrms of piant life, but 
porticus of the smooth pahoehoe lava flows on Mauna Loa, 
become vegetated with higher plants within two years, often 
witbin a year, after an eruptioti. Rough aa flows and cinder 
become covered with vegetation at a later date, The first con- 
spicuous plants to appear on a new lava fiow are a lichen, 
Stercocanlon, and a moss, Pilopogon, while at about the sanne 
time or soon after, certam ferns appear in the cracks of pahoe- 
hoe lava, especially a folded form of Folypodium pellucidum, 
a fern greatly resembling the widely distributed Polypodium 
vulgare but limited to Hawaii. When it occurs on open lava 
flows, the simple, once pinnate frond is folded together like 
a hinge. the pinnae at the same time bciug twisted npward so 
that the lower surface bearing the fruiting botlies points down- 
ward. Usually this fern occurs in the rain forests as an epiphyte, 
and the frond is flat like most fems. Except when Polypodium 
pellucidum is replaced by Nephrolepis exaltata on the lower 
levels the next most common fern is one bclonging to the 
getius Sadleria. There are six species of this genus in Hawaii, 
all but one of which are endemic, Sadleria cyatheoides ouly 
occurring elsewhere on the island of Sumatra. The first fiower- 
itig piant to appear is a variety of the Ohia, Metrosidcros poly- 
ntorpha, which almost always starts as an epiphyte on the 
Polypodium or Sadleria, After these plants form a scattered 
association, other plants gradually invade the area, and in the 
cotrrse of time varying with the situation, different formations 
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stich as rain forests, clry land forests, and meadows, come into 
existence. 

A new volcanic area in HawaiS may be called a semi-xero 
phitic habitat, even though the yearly rainfall may reach as high 
as 350 inches. The first plants to invade the new flows 01 
Mauna Loa on Hawaii are invariably the satne at ali elevations. 
and on all sides of this mountain, in spite of the fact that the 
annual rainfall varies from 30 to 350 inches. and the greatest 
minimum temperatures from rreezing poitit to 60 degrees. Evap¬ 
oratio» experiments on the slope of Mauna Loa indicate that the 
evaporation rate on an aa flow is four times as great as in a rain 
forest. The open character of the habitat, the strorg unob- 
structed winds, the black surface, strong reflected light, and 
quick ruii-off are the most obvious features affectiug vegetatiun 
on a new lava flow. As the fiow be comes covered with vegeti- 
tiott, these early characteristics gradually disappear, and the vege- 
tation takes on the characters of that in the immediate vtcinity, 
which is determined by the rainfall, clevation being an asso- 
ciated circumstance. 

The zonal distribution of Hawaiian piant corti muniti es 
according to elevatiou has been described by a number of botan- 
ists, but no c*act instrumenta! or careful ecologic work has yct 
been published, and the distribution of plants witbm the zones 
has not been carefully worked out. The lowland zone which is 
characterized by introduced plants has a rainfall varying from 
10 to 60 inches. The lower and upper forest zones ha ve a rain¬ 
fall varying from 60 to 350 inches, and extend above the 5,000 
foot level, the distinctiori betwecn these two zones not being as 
definite as one might judge from the descriptioris. The upland 
zone probably has a rainfall varying from 20 to 80 inches, and 
in its upper part, frost and even snow are not an uncommon 
occurrence. 

The middlc forest zones are of most interest to the visitur, 
both on accoimt of the ruimber of strange plants, and the un- 
iisual aspect of the forest s. Practically all endemic Hawaiian 
plants are woody, and woody Lobeliaceae, Violaceae, Caryophyl- 
laccae, Primulaceac, and Geraniaceae and Compositae, must al- 
ways excite the wonder and interest of the piant bver, and incite 
tnfjuiry as to their relationships witli the herbs and woody plants 
of other lands. In Hawaii the botanical collector is always re- 
Warded wilh a full load of flowering and frnititig specimen s at 
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any season of the year, and while there must be definite seasons 
for individua! species they have not yet been carefully worked 
out. With a few notable exceptions the fiowers are small and 
inconspicuous except when borne in large masses as is the case 
with the Ohia and the Koa, and they generally lack odor. Most 
rain forest plants start as epiphytes, and even on the edges of the 
forested areas one often finds commoti introdnced weeds such as 
the sow-thistle, Sonchus oleraceus, and the sorrel, Rumex aceto - 
sacfolia growing as epiphytes. The original support of the larger 
forest trees, usually a tree fern, eventually dies, and the trees 
have great, irregular, stilt-like roots, or tninks, and -in certain 
types of rain forest the explorer travels for considerable distanees 
over great tangles of prostrate tninks and woody rhizomes, all 
of which are covered with epiphytic ferns, and great spongy balls 
of herpaties and moss. Climhtng plants are represented by few 
species, the Leie Frcycinetia arborea of the Pandanm or Screw- 
pine family being the most frequent. Endemic herbs with the 
exception of ferns are rare in the forests, and are mostly con- 
fined to the open bogs. 

The most cotnmon endemic forest tree in Hawaii is the ohia, 
Metrosidervs polymorpha and its varieties, which may be found 
in ali habitats throughout the group. Pure stands of Acacia koa 
and Sophora of the Leguminoseae, Osmanthus sandivic ensis of 
the Oli ve family, Myoporum sandivic ense of the Bastard Sandal- 
wood family, and Dracacnia aurea of the liliaceae occur, but most 
forests contain an unusually large mixture of many species, the 
Principal fami lies being the Rubiaceae or CofFee family, the Ruta- 
ceae or Orange family, the Araliaceae, Eobehaceae, Gesneriaceae 
and LTrticaceae or Nettlc family. The Kukui, an Euphorbiaceous 
tree introduced by the Hawaii an s some 1500 years ago, marks 
the limit of the lower rain forest, and its present distribution 
gives some indication of the amount of erosion which has taken 
place in the islands slnce that time, especially along the cliflfs of 
the Waimea canyon on Kauai, and. the windward sea diffs of 
Molokai, where it now occurs in isolated hanging valleys. The 
other zones are of equal interest to the bbtanist and offer numer- 
ous ecological problems but are perhaps not as strikingly unusual 

as are the forested areas. 

In conduding it is not out of place to draw attentiori to the 
rapid change which is taking place in the natural vegetation at 
the present time, not only because it is an interesting problcm in 
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itsclf but because of it, our chances for studying the primitive 
vegetat ion are rapidly decreasing, Begmning with the time when 
these islands first supported an enormous native population, the 
indigcnous vegetation has undergone great changes, but it is only 
within comparatively recent years that Wholesale destruction of 
the tiative flora bas taken place. To cite only one example: on 
Haleakala, Maui, within the last 50 years dense forests have 
entirely disappeared from the whole south and east slopes of this 
mountain, while within 15 years nearly every large tree on the 
greater part of the north slope below 2,500 feet has died. This 
is usually due to a combinat ion of causes, and the rcason is r.ot 
always the same in every case, but it is generally the indirect 
resuit of industria! and agricultura! development. The introduc* 
tion of domcsticatcd and wild animab, the clcarmg of the lanri 
for wood or agricultura! purposes, forest fires, ravages by insects, 
the competit ion of introduced plants, the building of trails, and 
the lowering of the water table as the resuit of water develcp- 
ment have all played a part in ehanging the natural conditions of 
the endemic vegetation, which in the end must succumb to more 
vigorous piant species. Iti the course of time areas of a strictlv 
indigenous vegetation will become sifialler and smaller, and the 
chances for ecological work in virgin forests will have passed. 
The bulk of the present Hawaiian forests are of use only as cort- 
servers of the water supply, introduced trees being of much 
greater commercia! value, and unless foresight is taken to pre- 
serve certain sections of the forest reserves for scientific pur- 
poses, it is only a question of time before there will be no more 
strictly virgin forest areas in Hawaii. 


Digitized by Gougle 


□ rigida from 

HARVARD IJNIVFRRITY 




ORICIN OF THE HAWAIIAN FLORA 

By Fores? B. H, Brown" 

INTRODUCT^ON 

The problem of the origin of the Hawaiian flora may be 
simplified by constdering the seed plants apart from the spore 
plants and the dicotyledons apart from the monocotyledons. 

The faet iliat spui t:s caii readily be trar.spoitcd lung distantes 
by any of the various agencies of dispersa! (air currents, ocean 
currents. migratory birds) makes the problem of the origin of the 
spore plants difficult and uncertain of analysis. But seeds, with 
few possible exccptions, are ili adapted for transportation over 
great distances (2000 miles) by air currents, and there is little 
evidence that migratory birds have been materiali) more effective 
than winds in carrying seeds to land so isolated as the Hawaiian 
islands. The dircction from which piant dispersal has evidently 
occvtrred does not correspond to any known path of bird migra- 
tion if indeed birds had acquired migratory habits at the early 
pcriod in which most of the piant immigrants appear to have 
arrivert upon the islands. This, in connection with the fact that 
birds after long migration arrive with the digestive tract empty 
and presttmably with the plumage and other parts of the body 
free from all but the most tenaciously clinging seeds, makes it 
improbable that either birds or winds have been effective to atty 
appreciable degree in ihc transportation of seeds over great dis¬ 
tances of sea; only the ageticy of ocean currents remains as a 
probable factor, The problem o£ dispersal is therefore simpli- 
fied by restricting the discussion to the seed plants* Ocean cur- 
rents may have operaled directly in a few instances in bearing 
floating seeds or fruits such as the ooconut to the islands; but in 
that the majority of seeds sitik in water, it seems iikely that as 
a rule they were brought in drift material, 

The direction of flow of the Pacific currents of the present, 
however, is unfavorable for the transport of drift from the 
region (Central America) from which most of the plants appear 
to have come, and, further, would resuit in continuous rather 
than rhvlhmic dispersa!- But there is reason to believe that at 
the time wheti rlispersal occurred the currents of the Pacifir were 
essentiali/ different from those of the present. Piant evidence is 
in accord with this assumption as will be showu presently. 

[ 131 ] 
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COMPOSITION OF THE FLORA 

It is a remarkable fact that nO gymnosperms have ever been 
fmmd in Hawaii. Their absence, however, may be due solely to 
the fact that these plants have not succeeded in Crossing the 
ocean, a suppos it ion that is bornc out by a number of evidences. 
For example, green canes sink in the sea water; the seed coats 
of most species are readily permeable to water; young seedlings 
are easily killed by adverse cunditions of light and moistnre. 
Moreover the high etidemism of North American coiufers in 
comparison to the Angiospermus makes it ciear that these planis 
have shcwn little tendency to cross ocean barriers in any 
direction. 

Gymnosperms being absent. the Hawaiian seed plants there- 
fore comprise approximately one hundred and twenty monoco- 
tyledons and seven hundred and eighty dicotyledons, about nine 
hundred in alh The monocotylcdons are in large part herba- 
ceous plants not sttitabie for fossil preservations and are without 
the development of secondary wood which would make possible 
any systematic classification of anatomica! character comparable to 
what bas been accomplished in the dicotyledons. Furthermore, 
the grasses and many other itio nocotyledons have small seeds 
easi ly concealed in whatever the native might carry in Icng voy- 
ages from one island group to another and hence would be acci- 
dentally introduced. The monoco tyledons, therefore, fumish 
meager and uncertain information hearing upon their geological 
history. 

The Hawaiian dicotyledons, on the other hand, are largely 
(78 per cent) woody plants, especially the endemic species of 
the endemic genera of which 95 per cent are shrubby or arbor- 
escenti to iliis class bdong nearly all of the trees of the indige* 
nous forests. In tbis dass of plants the various elements of the 
wood have attained a highly complex di flerentiation and clearly 
defined evoJutionary tendenc;es are exhibited iti each of the 
numerous specialized branches, Not infrequently the systematic 
position of a dicotyledonous species, genus, tribe, family, or order 
is morely clearly indicated in the anatomy of the woody stem 
that in the floral characters. Anatomy therefore serves to check 
the evideuce or to bridge over gaps in the evidence hased npnn 
externa! characters. Furthermore, to the extent that anatomical 
details are preserved in fossil wood, such characters are of 
valuc in establisliing the relation of e>sistitig floras to fossil floras. 
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The , ditzotyledoiis, therefure, fumish evidence not only in the 
external morphology but in the anatomy of the stem and in the 
fossi! reeord which bear upon their geological history, and the 
abundance of fossiU of woody dicotylcdons makes it po&sible to 
extend the investigat ion into the fossil reeord. The woody dico- 
tyledonous plants therefore make favorable materia! with which 
to investigate the origin of the Hawaiian flora, and by confining 
the present discitssion to these plants, many elements of uncer- 
tainty are excluded. 

FKOBAULt: AUfvMCY OK VLANT DlSffiRSAI. 

The dicotyledonous flora as a whole numbers about seven 
hurtdred and eighty species but in ali probability these have 
ari seri from about one hundred and twenty-five ancestral immi- 
grants, In the relationship which these descendants sustain to 
one another it is ciear that these immigrants constitute a remark- 
ably heterogencous greup, not less than seventy-four families 
being represented or an average of less than two immigrants per 
family. This is quite the contrary to what one finds in a flora 
resulting from an overJand migration, but rather such as one 
would expect if brought from long distances as waifs and arriv- 
ing one by one over considetable periods of time. There is 
nothitig apparent in the flowers, fruits, seeds and other characters 
of these plants as a whole to indicate the operation of any select¬ 
ive agency of dispersal. On the contrary, the same high degree 
of heterogeneity prevails in the character of the fruits and seeds 
as in the relationship; the composition of the group appears to 
have been determined purdy by the laws of chance and all evi- 
dences strongly favor the conclusion that piant immigrants mtist 
have been brought to the islands by some physical agency such 
as ocean currents. By any other agency many of the fruits or 
seeds would be impossible of transportat ion. Only a small por¬ 
lion, it is true, have buoyant seeds or fruits but there are none 
which could not have been brought by fioating conifer logs or 
similar drift, And (i) with the predominance of conifers on the 
continent, culminating in the Triassic-Turassic time ( 2 ) with the 
submergence of the region (Central America) from which the 
buik of the Hawaiian flora appears to have originated and 
(3) with the changing of ocean curretits wheti the Atlantic and 
Pacific were United through wide submerged areas of Central 
America, resulting probably in a more decided wesiward trend 
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of the Pacific currents in the equatorial belt, it is ciear that coa- 
ditions in the past must have been more favorable than at present 
for the dispersal of American plants wcstward to the Pacific 
islands. And in that submergence of the Central American 
region has occurret! rhythmically, it follows that the dispersal of 
American plants westward over the Pacific would occur at inter- 
vals, i, e. in dispersal waves; it is of great interest to find that 
the piant evidence bears out this suppositkm with particular 
clearness; not less than two dispersal periods (or waves of dis¬ 
persal) may be reeognized, or three waves inclusi ve of species 
introcluced by human agency. 

THREE WAVES OF DISPERSAE 

So far as evidence goes there is little to indicate that the 
first plants to become e&tablished upon the islards arrived early 
in the history of the Angiospcrms. Throughout the present 
flora, representatives of highly specialized families (metachlamy- 
dcae) such as the compositae, campa nulaceae and labiatac make 
up a conspicuous element and are particularly characteri Stic of 
the group of plants which appears to have been the first to arrive. 
Ncvertheless, it is not iinlikcly that the first arrivals antedate the 
first known fossi! Angiosperms inasmuch as the fossil history of 
these plants does not begin until the dicotyledonous families are 
well differentiated. 

That the periods during which immigration occurred were 
of long duration is shown by the great differcnces of age appar¬ 
ent in the several descendant lives. Also, there is a break iti the 
floral composition and in the degree of endemism and other 
characters indicative of age, which separates the flora into dis- 
tinct groups, or siib-floras, and makes it ciear that immigration 
has not been continuous but has been interrupted at intervals. 
At least two periods or waves of immigration cati be distin- 
gttished, or three, inclusive of the group of plants introduced by 
man, as follows: 

i. The group of plants arising froin the first period of dis¬ 
persal is chsracterized by the large number of Compositae, Cam¬ 
pa nulaceae, Labiatae, Rubiaceae and Rutaceae which it contains, 
Affir.ities are largely with plants of Isthmian America, and ali 
appear to have originated directly or indirectly from this region. 
Many of the tribes to which the ITawaiian island representatves 
beloug. are. except for the Hawaiian representatives endemic to 
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America, brt the endemie units befong to a tribe (Prasioidcac) 
distributed from southeastern Asia westward through the Medi- 
terranean region, its otily extra-continenlal extensiori in the 
Hawaiian islands. But the Hawaiian genera are most closely 
relaled to a genus confined to the west Mediterranean region and 
extending into the Canary islands. As will be shown prcsently, 
geological conditiom existing in carly Cretaceous time or earlier 
would ha ve favored dispersal from this region to the Hawaiian 
islar.ds by way of Central America. The following table is 
insiructive ‘ 


PLANTS OF THE FIRST WAVE OF DISPERSAL 


No. of ancestra) 


Noof 

Family 

imtnigTants 

Probable origin 

desecti danis 

L. Urii cate ac 

2 

Atncrian 

.1 

2. A mirant attat 

2 

hi 

5 

3. Caryophyllaceae 

I 

Ii 

18 

4. Saxifra^actae 

i 

Rl 

2 

5. R mattae 

2 

ii 

28 

6. Malvaceae 

i 

Ii 

S 

7. Violaceae 

] 

14 

.1 

8. Rt^oniaceac 

3 

M 

1 

9. Araliaceae 

2 

■ i 

18 

w. Loganiaceae 


dJ 

9 

1 r P Apocynaceac 

1 

►+ 

r 

12. [phialae 


Indirectly American 

36 

13 Sola nacca e 

3 

American 

4 

14 ftiihiarM** 

4 

h + 

40 

15. Qmpanulace^e 

2 

■i* 

Q 3 

16. Compositae 

? 

u 

56 


Total. ifi families 3 i immigratus dcsccndants .\2i 


2 . The group originating from the seconrl dispersal wave 
is next tn age and Is evidently of considerably more recent crigin 
than the first. Evolution has in no case progressed as far as the 
creation either of endemie genera cr of endemie sub-tribes, and 
not more than three species, on an average, have arisen from a 
dngle anccstral immigrant. In many cases the closest existing 
relatives occur in the region of the East Indics or Australia, but 
sucti affinities appear to be of a collateral character and remote 
fmm the centcr of origin. The sccond wave, like the first, seems 
to have come, in large part at least, by way of the Central 
American region, and during about Lower Eocene time. It is a 
remarkable iaet that the ten largest families found in the Lower 
Eocene flora of the lower Mississippi valley (Lauraceae, Caese- 
piniaceae. Urticaceae, Papilionaceae,) Rhamnaceae, Sapindaceae, 
Mvrtaceae, Mimosaccae, Anacordaceae,) are ali abundantly rep- 
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resented in that portbn of the existing Hawaiian flora which has 
apparent ly origitiated from the second dispersal wave. It is of 
great significante, in this connection. that a cusp-poirtted phyl- 
lode of the same size and obovatc outline as the Hawaiian Acacia 
koa var. lanaicnsis has been fotmd in the American Lower 
Eocene. Even the uninervate character of the fossil is indi- 
cated in the phyllodes of young seedlings and juvenile foliage of 
the Hawaiian represetitative; not only the ancestral stock of the 
Hawaiian phyllodinous acacias appear to have come in this 
period from the American continent but inasmuch as a fossil 
stem with roco-lilce structure has been fotmd arr.ong the fossil 
plants of the Canal Zone, it is probable that the ooconut arrived 
in this wave of dispersal of American plants, This portion of the 
Hawaiian flora may properly be Tegardert as a relic of the 
American Lower Eocene. The first wave of migration must 
therefore greatly antedatc this time. 

3. A number of plants (breadfruit, candle nnt and others) 
ha ve, in all probability been introduccd by primitive man. For 
sake of comparison these plants may be considered as a third 
group, 

The plants originating from the first dispersal wave are 
almo 3 t cxclusivcly confiucd to the interior uplands of the islanda. 
occurring mainly at high elevations in the mountains. This is a 
characteristic feature of the group as a whole and js reasonably 
explained on the suppositiori that the ancestral immigrants w r ere 
also interior upland plants, the Continental angiospenns not yet 
having invaded the lowland or littoral regions where condit ions 
were favorable for fossil preservation. If so, the tendency which 
plants of the first dispersal wave exhibit to inhabit the interior 
uplands is a relic character of the ancient angiosperms and ante* 
dates the fossil record. 

Age is also indicated by the amount of evolution which has 
talten place on the islands, The existmg representativea of the 
first immigration number between three hundred twenty-two and 
three hundred fifty species, but these appear to have arisen from 
thirty-one ancestral immigrants. All of the genera are endemic, 
and certain of these endemic genera constitute a closdy con- 
nected series similar to those of a sub-trrbe- In other words, 
not only endemic genera but endemic sub-tribes have been 
evolvcd on the islands, starting in each case from a single 
ancestral immigrant, The sub-tribes particularly are indicative 
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of age and number six or seven as follows: (i) Schiedea-Alisi- 

nidendrion in the Caryophyllaceae; {2) triplasandra-tetraplasan- 
d r a-Pterot rapi a-Reynolds ia in the Ciraliaceae; (3) Stenogyne- 
Haplostachys-Phyllostegia in the Labiatae; [4) Clennontia- 
Rol Ia rudia-Delissea-Cyanea in the Campanulaceac; (5) Cirgy- 

roxiphium-Wilkesia and (6) Dubantia-Raillardia in the Com¬ 
positae; and possibly (7) Hibiscadelphus-Kokia in the 
Malvaceae. 

As an index o! age, the extremely low generic coefficient 
of the endemic genera is particularly significant. Qn a mnnn- 
tainous topography. such as that of the Hawaiian i si and s the 
mimber of piant species is large in proportion to the number of 
genera. On norc level topography, on the other hami, such as 
characterizes a large part of the continenta! areas, the mimber 
of species per genera is relativdy smalt. On the Hawaiian 
idands therc have been evolved genera with lower generic coeffi- 
genera 

cient (- %ioo) than their Continental relati ves, and iu so far 

species 

as change has probably taken place by slow degrees, it follows 
that, as long as change takes place, the coefficients of floral 
groups upon the same topography should vary inversely, though 
Tiot in proportion, w r ith the age of the group. Accordingly, it is 
quite as one wotild expect to find that the sub-flora originating 
from the first dispersal wave should have the lowest generic 
coefficient (13) and the sub-floras arising from prcgressively 
younger waves of dispersal should have progressively larger 
generic coefficients. The coefficients of the sub-floras originating 
from the first (oldest), second, and third (youngest) waves are 
rcspectively 13, 36, 47. (See fig. 1.) 

The relative age of the three dispersal waves is also indi- 
cated in the anatomy of the wood. In dicotyledons of the first 
dispersal, the vessels of the wood have an average diameter of 
.12 mm.; dicotyledons belonging to the second wave, on the 
other hand have vessels of .14 mm. in diameter; thcse of the 
third wave (the introdnced plants) have vessels of ,22 mm. in 
diameter; or, arranged in scqucncc according to time, the di&m- 
eters are .12 mm.; 14 mm.; 22 mm.; respcctively, Plants which 
have been longest on the islands have (without exception so 
far as i am aware) vessels of extraordinarily small calibre, in 
several species being no larger than the fibres and almost irnlis- 
tinguishable from them. in cross-section. 


Digitir^rl by 


Cougle 


Driginal from 

HARVARD UNIVER51TY 



138 


P.AN-PACIFIC SciENTIFIC CoN FERE MCE 



Ficlre i. Curves showing progressive decrcase of vcssel diameter 
and generic coeftkicnt with age irt Hawaiiau woody plaiits. 

Reductioti in size of vessels seems to have been an evolu- 
tionary tendency common to each of tbe descendant series aris- 
ing from continenta! immigrants with vessels probably of rela- 
tively large calibre; and in so far as change has taken place 
gradually it serves as an index of age. Upon the suppositiori 
tliat reduction in stze of vessels has been an evolutionary ten¬ 
dency mauy peculiariiies in the Hawaiiau flora are reasonably 
explained: (i) certain specialized endemies such as Acacia 

koaia bave smaller vessels than tlieir more generalized close 
relatives (-/cocta koa) ; (2) large vessels are characteristic of 
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continenta! fossi] floras from which the Hawaiian representa- 
tives appear tn ha ve heen fleri veH ; (3) peculiarities of the 
Hawaiian climate (low light intensity), uniform moderate tem¬ 
perature, high relative humidity) favor slow transpiration prob- 
ablv with the consequent reduction in the caliber of the vessels; 
{4) the average diameter of vessels in Hawaiian plants varies so 
long as change occurs, inversely though not in proportion, to the 
age of the flora: introduced continenta! species and continenta! 
island species like the breadfruit (native of Java) have vessels 
of far greater diameter than those of the etidemics, 

Hence Hawaiian dicotyledons have ( 1 ) smaller vessels and 
(2) a lower generic cocfficient than their Continental relatives and 
both of these characters appear, within limits, to vary inversely 
with the age of the flora. When the values ohtained are plotted 
in relation to their chronological abscissae (fig. t) curves are 
obtained in each case, and ihese curves are in essential agree- 
ment, the lowest values bcing characteri st ic of the oldest plants, 
and progressively higher values of the progressively younger 
groups. Neither of the curves appear to have flattened. Frcm 
the inclination and degree of curvature of the graphis thus 
obtained it is apparently indicated that these evolutionary 
changes are stili in progress, particularly the decrease of generic 
ccefficietit. 

EVIOENCE BEARIXG DN ace and ORlGIN OF THE HAWAIIAN 

STJ D-FLOllAS 

The Hawaiian dicotyledons excluding those brought by man, 
appear to have come mainly from or by way of the Central 
American region. The aftinities of the second wave with Amer¬ 
ican Lower Eocene seem particularly ciear, and this, together 
with the fact that the tribes to which the genera belong have 
their center of origin in the same Central American region as 
the Lower Eocene fossils are found is apparently indicative of 
the time and source of the second immigration of plants to the 
islands. 

The first wave of immigration, as already explained, must 
have occurred at a considerably earlier periofl than the second; 
otherwise it would not be possible to account for the relativdy 
great difference in age of these sub-floras which is apparently in 
every character where comparison is possible, and in that geologi- 
cal conditions, during Jurassic-Contanchic time, as will be dis- 
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cussed presently, were favorable for dispersal of American plants 
over the Pacific, it is not improbable that the first immigrants 
may have arrived at this period. 

A large proportion of the Hawaiian species which appear 
to have originated from the second period of immigrat ion, have 
their closest existing relatives in the region of the East Indies 
or Australia, and this has been generally accepted as evidence of 
the Austral-Malaysian origin of the Hawaiian flora, The true 
affinities, however, appear to be with the Lower Eoeene flora of 
the region of Isthmian America extending from the iatitude of 
the Lower Mississippi Valley to the Amazon region of South 
America. From this region the Hawaiian representatives, on 
the one hand, and their close Indo-Malaystan relati ves, on the 
other, seem to have had a common origin. With the subsidence 

of wide areas of Central America in Eocene-Oligocene time, the 
equatorial currents of the Atlantic must have continued westward 
over Central America into the Pacific, probahly changing the 
direction and rate of flow of the Pacific currents in a wav 
favorable for the dissemmation of Central American plants to 
the Hawaiian islands and to the East Indies or even the shore 
of Australia, Asia, or the islards of the indian Ucean, The dis- 
tribution of the Begoniaceae and of Trevesia among the Com¬ 
positae, and of numerous other plants bear out this supposition 
in detail. The Hawaiian sub-flora orlginating from this period 
of dispersal tnay therefore bc regarded as a relic of Central 
American Lower Eocene flora and to have been dispersed under 
eonditions existing at that time. 

The most ancient position of the Hawaiian flora, how T ever, is 
of considerably greater age tban the sub-flora assumed to have 
arisen from ri issem i nat ion in T/iwpr Eocene time and must 
therefore have reached the islands at a correspondingly early 
period. According to Professor Schuchert, the Central American 
region was operi again in Jurassic time, and, continued through 
Comanchic to Cretacic time. The affinities of this sub-flora and 
irs relatively great age as indicated in every character, are quite 
in harmony with the supposition that the ancestral immigrants 
inust have reached the islands at this time, and under the geolog- 
ical conditions of these periods. Under such conditions, it is 
easy to understand how' a siugle ancestral immigrant from the 
Meditcrrancail-Cartary island branch of the Prasioidcae COuld 
have reached the Hawaiian islands by way of Central America; 
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land connections between Africa and South America would have 
facilitated dispersa! from this region. 

If, as the evidence indicates, the first imtnigration of Ha¬ 
waiian angiosperms occurred at this early time, then such highly 
specialized families as the Compositae and CampamiJaceae must 
then have been in existetice. But with the center of origin of 
these families in northern South America, close to the region of 
trans-Pacific dispersal it is evident that such plants would find 
their way to the Hawaiian islands early in their history; prob- 
ably thcrcin lies the explanation why an cxtraordinarily large 
rtumbet of immigrants—io in mimber—should belong to these 
two families, (See table on previous page.) 

Chances of dispersal were probably more favorable during 
the early period. The Gymnosperms were then predominant; 
the wood is of Iow specific gravity and floats for long periods; 
the stems reach large diameter and are favorable for the lodge- 
ment of seeds, Hence it follows that even though the angio¬ 
sperms were subordinate in the vegetation and confined to the 
interior uplands, it is quite as one would expect that many would 
be carried over. 

At the time of the second dispersal, on the other haud, the 
Angiosperms were predominate on the continent, or at Ieast they 
had invaded the lowlands and littoral regions. But itiasmuch as 
the woody stems in most cases, $ink in water or soon become 
water logged, tbere must have heen little drift which would 
remain floating any great length of time; hence a correspond- 
ingly small opportunity for seed and other Life being carried in 
drift. The great predominance of angiosperms, however, would. 
to a certa in extent, compensate the lack of chance. 

SUM MARY 

The Hawaiian dicotyledons appear to have originated in 
large part from Isthmi an America. 

During their geological history, two periods of dispersal are 
distinguishable, the first occurring at some time during the 
Jurassic-Comanchic-Crctacic submergente o£ the Central Amer¬ 
ican region; the second, (luring the Eocene-OIigocene subrner- 
gence. 

Ocean currents bearing seed-containing drift appear to lia ve 
been the chief agency of dispersa); and in so far as gymno- 
fperms, the wood of whtch is extremely bnoyant, were predomi- 


D iri it i T^ri hay uoooie 


Driginsl from 

HAR.VARD UNIVER5ITY 



142 


Pan-Pacific Scif.ntific Conterence 


nant in Jurassic-Comanchic time, American seeds and other hfe 
rnust have becn more generally dispersed over tlie Pacific dtiring 
the first inundation of Central America. 

The Hawaiian sub-flora originating from the inundation of 
Central America in Jurassic-Comanchic time is probabiy one of 
the inost an cient existiug Angiosperm floras and indicates the 
correspondingly great age of the Hawaiian islands. 
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THE ORIGIN OF THE HA W AIT AN FLORA AND FAUNA 

Bv F. Muir 

The question of the origin of the fauna and flora of the 
ETawaiian islands is of very great importance on account of its 
bearing upon many questions relating to the Pacific. The first 
great question that confronts us is as to the status of the archi- 
pelago; is it entireay oceanie or has it heen joinod to a conti¬ 
nenta! area? A correct answer to this question would ciear up 
many problems in the far south as well as in other parts. If it 
be oceanic, we should look for a eosmopolitan fauna and flora 
draivn from various quarters of the Pacific; should we decide 
that it is Continental, then we should expect to find a more homo- 
geneous fauna and flora drawn chiefly from one of the Continen¬ 
tal sreas bordering on the Pacific and closely allied to it. 

On this point thcre is a differcnce of opinion and the evi- 
dence is conflicting: so all we can do at present is to submit the 
evidence and views of the different workers and see where they 
will lead. Personally, I can speak only from the point of view 
of an entomologist. but the evidence presented by the study of 
msccts convinces mc that the islands are OCeatiiC. 

A re view of the insects of the TTawaiian islands and their 
nearest allies shows that they are drawn from all sides of the 
Pacific, except the north and northeast. Tn some cases the spe¬ 
cies. of a single genus have two distinet origins. The hymenop- 
terons genus Odynerus is an example of this, Dr. Perkins, who 
is an authority npon this group and who has devoted consider- 
ahle attentiori to the Hawaiian species, has shown that they form 
two groups, one of which has close relationship to Oriental or 
Japftnese forms. If we examine the different families repre- 
sented in the islands, a dual or plural origin is often recogniz- 
able. The family Delphacidae of the Homoptera can be cited as 
an example. Here we have two groups; one consisting of spe¬ 
cies at present placed tn the world-wide genus Kelisia, and the 
other consisting of some eight genera wliich until lately, were 
considered to be found only in the Hawaiian islands. In the 
Kelisia there is one species (K. paludum Kirlf) which is also 
found in Fiji, Australia, Malay Islands, Ceylon and Philippine 
Islands. The endemic genera are divided into two groups which 
I consider have little connection with one another. The ances- 
tors of one group arrived in the islands very much earlier than 

[ 143 ] 


uigitized dy Goo 


Original from 

HARVARD UNIVERSfTY 



144 


PasT-PaCIFIC SCIEMTIFIC COXFERENCS 


thc ancestors of the others. In the older group there is one 
genus (Nesosydne) which is now known to have representatives 
in the Galapagos islands and in St. Helena. Such examples 
conld be multiplied but a list of names would be of little interest 
on this occasion. To those who are interested in this question I 
refer to the Introduction of "Fauna Hawaiiensis,” where the 
"waif and stray" nature of our insects is well shown. 

The first thing to attract the attention of an entomologist 
starting on the study of the Hawaiian insects is not the insects 
whieh compose the fauna, but the insects which are missing from 
it, and it is this great, outstanding fcature that must be accounterl 
for rather than the presence of certam insects in the islands. As 
an exatnplc I will cite the case of the Lamellicorn beetles, the 
great group to which the May and June beetles belong. This 
group is known from all over the world, but is represented in 
the islands by only a single genus beionging to the Lucanidae or 
stag beetles. Now the larvae of Lucanidae live in wood. both 
sound and rotten, and could therefore be transported over sea. 
whereas the larvae of all the other Lamellioornia live in soii and 
could not be so carried, These insects are too beavy to he car- 
ried by air ctirrents and are poor flyers. Anothcr example is the 
“Tiger Beetles.” The larvae of these live in holes in the grournl 
and feed on living insects, which happen to walk by their horne. 
Such larvae could not survive long journeys on floating islands. 
and as thev are poor flyers and heavy, could not fly or be bome 
by air ctirrents, Examples could be imiltiplied from each ordeT. 
but I must refer thc curious to the "Introduction" alreadv 
mentioned. 

In a broad way an analysis of our insects shows that those 
insects capable of flying, or being bome by air or water current*, 
arc represented, but those not capable of being so horne are not. 

Xow if wc ereet a land bridge (and our insects would 
require severa 1) to any one Continental area, we have the enor- 
mous task of accounting for the abscncc of such large groups of 
insects. It is quite tliinkable that during the long ages the ish 
ands have been in existence, combiuations of circumstances 
could have brouglit the ancestors of our insects to these shore*. 
but to me it is unthitikable that a land bridge, or several, could 
have existcd and such large and predominant groups of insects 
could have been kcpt out. 
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The geographical distributiori of some of our insects is very 
strange. The gemis Proterhimis has some one hundred and 
fifty species in these islands, and only one species is known ovit- 
side, this one being found in Samoa. Did we derive ours from 
Samoa. or Samoa theiris from us ? The nearest relatives of this 
genus are in New Zea .and. New Caledonia and the Canary 
islands in the Atlantic. 1 have already mentioned the case of 
Nesosydne (or llburnia. as we must now call it) being in 
Galapagos islands and St. Helena, but until the islands in the 
Southern Pacific are more fully explored, it is of litti e use specu- 
lating as to the original horne of many of our insects. 

The tneans by which our insects originally came to Hawaii 
are difficult to state with any certainty. We ane looking to other 
sections of this Conference to throw light upoit this matter. We 
want to know more about the air and water currents of today 
and also what they were in the past. This latter will depend 
greatly upon the findings of the geologists and paleo-geogra- 
phers* At present our “drift” is mostly from the northeast, but 
our insects show little affinity io those of Northwest America. 
Insects arrivtng from that locality would not find familiar trecs 
or planta and would have great difficulty in establishing them- 
selves. In the case of phytophagous insects, it is not only neces- 
sary that the insect be transported to our shores, but also that 
suitable plants should be established for tbem to feed upon. 

One of the chief objectioris brought np against the flotsam 
and jctsam method of stocking these islands, is that many of the 
insects could not normally live on drift wood or sinular bodies in 
the water. This is quite correct. If they cuuld casily live on 
drift we should have a much richer insect fauna. But it is only 
by a combination of circumstantes happening once in long 
periods of time that insects arrived, and that iis why we have such 
a poor insect fauna compared with Continental areas. 

Our insect fauna is rich in moths, especially the microlepi- 
doptera, or small moths. This group has great power of flight. 
Once when traveling between Hongkong and Java, when about 
tuo hundred miles from the coast of Cochin China, I noticed a 
great number of little moths flying about the ship. Some of 
them were very small, delicate insects with delicate fringe round 
thcir wings (plume moths as they are called) and I was sur- 
prised to find them tn perfert conditinr. T snsperted they were 
breeding on some vegetabie substance on board. But I soon 
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noticed that these insects were in great numbers ali round the 
ship and ali passi ng in one direction, from the northwest to the 
southeast, in the direction of the prevatling wind, Although the 
water was rough, many settled on the surface and rose again in 
peifect condit ion, We were going at right angles to the cur¬ 
rent oF migratioa and it took about three hours to pass through 
them. Many of these must have eventually reached the coast of 
Romeo after a flight of some six hntidred miles. Insects carried 
up into the upper strata of the air could be carried lcng dis- 
tances hefore they would rome to earth again. There are onlv 
two butterflies native to the Hawaiian islands. One (Vanesso 
tattitn^awca) is related to A no sia phcseippns, whose wide di st r i- 
bution over the Pacific in the wake of its fotui piant (variuus 
species of Asclepias) has been recorded by J. J. Walker. He 
shows good reason to believe that this has been a natura! 
migration. How many adventurous individuals went off into the 
Pacific before the white man had carried their food planis there, 
and therefore could not establish themselves, it is interesting to 
imagine. The second butterfly is a little “blue” (Lycena black- 
burni) which is of interest as it is the only representative of the 
group which has no glands on the back of the larvae. Rut then 
we have no tree ants to attend to the larvae and eat the secre- 
tion from the glands. 

Although these remarks do tiot show the origin of the 
Hawaiian insects so far as phylogeny is concerned, they briefly 
state some of the facts which have oonvinced entomologists that 
the islands are purely oceanic, and have been stccked by waifs 
and strays from various paris of the Pacific, Only a rrmch 
greater knowledge of the insects of other islands in the Pacific, 
especially of the south and southeast, will enable ns to state with 
reasonable assurance from what part of the Pacific they came, 
and so enable us to follow their phylogeny, at least vaguelv, 

DISCUSSIO K 

Mr. Mayor: Rcferriog to tiie migrati™ of insects on air currenti, 
there is a good work by Cr. Rall of the Camegie Institution wmten wheii 
he was stationed oti Rebceca Shoal Liglit. forty miles from the Florida 
Co£st, It is cmircly surroumled fcy salt water. There is no land. When 
a wind blew from Cuba, ninety-two miles away. it brought a swarm of 
laud mosquitoes. And not only roosquitoes hut small gtiats and flies, so 
tliat it is certain that an insect may be carried iiincty-lwo miles over 

the sea. 
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THE DIS PER SAL AXD AFFIXITIES OF POL VX ESI AN 
LAND SNAIL FAUNAS 

By Henry A. Pilsbry 

The mollusk faunas of tlie Pacific islands, marine as well as 
latui, are related to the Eastern world, not to America. In the 
land and fresh-water faunas with which we are now concerned, 
no trace of American influence has been detected. 

Travelling eastward from the Moluccas and New Guinea. 
which have faunas of continenta! type, we find similar faunas rn 
the ESismark archipclago and the Solomon islands—large Heli- 
cidae stich as Papuina and Choritis, large Zotiitidae. Placostylus, 
tlie camivorous Rhytididae, various slugs, the operculate Cyclo- 
Mome snails, and «thers charactcrizc these rich faunas, which 
mal aco logi sts. at least. will scarcely hesitate to consider of Conti¬ 
nental type. Further out, we come to the New Hebrides and 
Fiji gnonps. Here the Helicidae and many others have dropped 
out. Init we stili find large Zonitidae and Flacostyhis together 
with Rhytididae, the slug Veronicella, various operculate snails, 
large salt-marsh snails such as Pythia, and the fresh-water 
Mealnia and AmpuUacera, also Batissa, a genus of large oriental 
bivalves. The presence of these groups, and especially the large, 
often ponderans Placostylus, led Hedley to view the Fijis, lying 
halfway between Australia and the Society islands, as the eastern 
limit of an ancient land which he called the Mclancsian Plateam 
The hvpothesis that this area was once Continental has been 
widely acecpted. The evidence for it from other sourccs is now 
considerabte, 

Continuing eastward, we come into the islanri world of Cen¬ 
tral Polynesia; the Cook. Austral. Society. Paumotu and Mar- 
f|iiesa? groups: scattered over about 1,700 iniles east and west, 
nearlyas large north and south. Throughout the high islands of 
this great area tlie land mollusk fauna is remarkably homoge- 
neous. There can hardly be said to be more regional differentia- 
tion than there is in tlie Hawaiian group. The same or closely 
related genera extend throughout. For the greater part, these 
genera are also represented in the islands of the Melanesian Pia- 
teau, or are related to the latter. In these faunas Partui a and 
Trochomorpha—-like snails, carinate Zonitids, are the largest, 
These, together with small Zonitidae, Endodontidae, Tornatel- 
linidae, Pupillidae, Sttccineidae, Realiidae, Georissa and Trunca- 
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tellidae. chiefly compose tbe fauna. The fresh water Melania, 
Bultinus and the Cyrenidae drop out, as well as the large salt- 
inarsh snails, Pythia and Cassidula, This may be partiy due to 
the restricted fresh water statioiis, The minute Diplommatinids* 
almost universal eastward, are lacking. 

A certain number of the small snatU of the shore aane, stich 
as Opeas, Tornatellina. Assi minea, and the Limax from Ram- 
tonga and Tahiti. ha ve dotibtless beett generaUy spread by native 
or later commerce. 

There are certain specia! groups, such as Libera in the Cook 
and Society islands, Taheitia, Lamellorum; but all appear to be 
fleri vatives of more widely spread genera. Parttda has been dif- 
ferentiated into recognizable subgenera in different island groups. 
Par tufa hyalino, of T&hiti, has also been found in the Cook and 

+T ■ 

Austral groups. It is the only large land snail known to occur 
in more than one grtmp. 

How are we to account for this homogeneous fauna of 
minute high islands scattered over an area about as large as the 
United States east of the Mississippi? Was it by distributiun 
over continuous land ? Or was it by the occasional agencies of 
oversea drift, carriage by birds or by wind, bringing the snails to 
islands which have been built up singly and separately out of 
the abyss? 

An ansvver to these questions at pre?ent ean only be provi- 
sional. It is a inatter of individual opinion, based largely upon 
our views upon geologie questions. If we believe with Schuch- 
crt, Idditigs and othcrs that thcrc has bceri cnormous subsidcr.ee 
in the Pacific* then we may reasonably entertain the idea of for¬ 
mer land of Continental dimensions or perhaps of a series of ares* 
now and again connected. in the Southern and westem Pacific, if 
the fauiial evidence favors that view, If, on the other hand, we 
start with the assumption that the distribution of land and water 
has always been as ill-balanced as it is today. that the present 
oceans beyond the Continental platforms are roughly permanent, 
then the faunal evidence one way or the other becomes irrelevant. 

It must be recognized that however the fauna was distrib¬ 
ui ed* it would be so far homogeneous as to contain only families 
or genera ropresented in the land of its depacture. I have else- 
where noted the fact that the fauna of Central Polynesia contains 
primitive type? comiron to the Fijis and to other islands west- 
ward- Also that the highcr tvpes of the Melanesian plateau arc 
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iacking. Dr. W. D. Matthew has called attention to the fact tliat 
the older a given group is, the kmger time there has been for the 
chances of over-sea dispersal. While this is perfectly true, it 
does not Eccoimt for the absence of dispersal in the later Ter¬ 
tia ry, during the existence of Helicidae, Bulimulldae, Diplonv- 
matinidae and other high land suatis in Fi} and westward, 

The argument for distribution of animab by natural rafts 
has never been more convincingly stated than by Mathew in his 
paper, Climate and Evolution." Much of his argument, how- 
ever, is not applicable to the Pacific islands. Here we have no 
large rivers like the Orinoco or Amazon to give forth natura! 
rafts. If a single tree is washed into the sea it must be very 
exceptional. Thst such a tree would float 400 or 500 miles 
and make a good landlng carrying snails stili alivej tbat it 
would land in a place where the snails, Fartula for example, 
would find congenial conditions, must be rare if it ever hap- 
pens, The chances estitnated by Mathew seem far too favor- 
able. But in the present case we have to populate about 50 
small islands scattered over two million square miles, with a 
varied population of shore and forest snails, partlv arboreal. 
paitly terrestrtal, nearly uniform generically throughout, and 
characterized by the excitis ion of modern groups of snails. 

Every practical snail liunter knows how fastidious many 
forest snails are in the matter of station. Snails of the shore 
zone, such as the Auriculidae and Truncatellidae might readily 
find suitable conditions on a new shore: bm forest snails sucli 
as Zonitidae, Endodontidae, Partulidae would not, A mammal 
bird or reptile once cast ashore, can make its way to a suitable 
sladoii. No practical cuucI lologi st would expect an Endoduata, 
Atnastra or Achatinella to do so. Unless we imagine a natural 
raft stocked like Noah’s ark for each island, we must suppo se 
a long series of happy accidenta for each individua! island. 

Minute snails or the eggs of larger oncs are doubtless 
carried hy hurricanes for considerable distances; but where the 
disLarices are se vera l Imndred miles, il is doublful whethcr such 
means have been effective. In the Hawaiian islands, it is ciear 
that within the duration of existing species, there is no evidence 
of stich adventitious distribution, The ranges of the species and 
tbeir relationships to species adjoining are remarkably consist¬ 
ent. This appears to be true also of the Partulas of the 
Society Istande. 
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Partilia, otie of the most widely sprcad Polynesian snails. 
is viviparous like the Achatinellas. The carinate groups of 
Endodontidae oviposit in the umbilicus of the shell. If car- 
ried by winds or birds, the entire animal would bave to be 
taken, The forest groimd-snails for the most part bury their 
eggs in moist soil or decaying vegetable debris. The chance 
of such an egg, carried aloft by the wind, falling in a spot 
favorable for its development appears remote- Wliile natura! 
rafts have doubtless played a part in the dispersal of mollusks 
as well as of other anima Is, and winds have carried snails over 
the sea, it appears to me that these hypotheses are seriously 
strained when applied to Polynesia, There are too manv of 
the same genera on widely remote islands. 

It appears to me that another hypothesis accounts for the 
faets in a more credible manner, and at least deserves further 
investigation. Acconling to this hypothesis, the mid-Pacific 
groups from the Cook Islands to the Marquesas are viewed 
as remnants of a fragmented Continental mass, possibly two- 
thirds as large as Australia, and this land was connected with 
the Melanesian Plateau before the latter was occupied by the 
bigher groups of mollusks. This Polynesian land perststed as 
a large island or series of island ares after the connection 
westward was severed. and finally broke up tn the last hatf 
of the Tertiary, 

Such an hypothesis accounts for the homogeneous fauna 
over widely scattered islands, and the absence of modern 
families and genera. 

In the Hawaiian islands we have a fauna showing matiy 
analogies with that of other parts of Polynesia. The dotninant 
families are more or less highly specialized land snails of a 
low group, the Orthurethra. As elsewhere in Polynesia, modern 
groups of snails are absent. There is a rich fauna of Endo- 
dontidae and small Zonitidae, an extraordinary developmetu of 
Pupillidae, Tornatellinidae and Succineidae, with endemic genera. 
There are no land operculates except Helicinidae. Achatinel- 
lidae and Amastridae replace the Partulidae of the Southern 
islands. Melania. Lymiiaeidae, and the special genus Erinna 
represent the fresh water mollusca. 

There is clearly nothing in this to suggest direct con- 
nection between Hawaii and the Polynesian islands fartlier 
South, Of the two faunas, that of Hawaii is surely more 


Digitized by Gougle 


Original from 

HARVARD UNIVERSITY 



Hawaiian Flora and Fauna 


151 


antique. The commori elemetits of the two appear traceahle 
to derivation of both fatmas froni rather similat audent con¬ 
tinenta! sources. 


DISCUSSION 

Mft. Safford: Is it not a fact that none of the mainmals of Aus¬ 
tralia or New Guinea are found in these Islands? 

Mr. Pilsrrv: Yes, that is truc, 

Mh. Mayob : One factor that we often neglect to consider is that 
very few scient ists have lived in the place they are studying. The natives 
of these islands are great navigator* and did not besitatt to go on voy- 
ages of severa 1 weeks' durat ion. and, when they did, they took with them 
taro and bananas and a great supply of food wrapped in banana leaves. 
Now these are the phmt-s where the Parttila is most often found. There 
is no mystery in connection with the wide distributiori of this species. I 
have steti it all over Tahiti. but we don’t find it at Moorea because the 
uatives going there do not supply themselves with food. The distance is 
short and they know they will ftnd plenty of food there, Again we do 
find it in the Anstrals considerably separated from the other islands. 
The native custom is to take food enough for abotit three weeks in their 
canoes. They go ashore on some island when this food supply is ex- 
hausted, That would expiatu the fact that the Parttila is found pnicti- 
cally cvervwhere. It is evidently the resuit of migration froni the Malay 
Archipefago througli va rienis islands to Rotuma and from there to Samoa, 
to the Cook Islands, Tahiti and New Zealand. The islanders werq very 
venturesome sailors. and as we know they took voyages of long duration 
to the Hawaiian islands from the Society Islands and Tahiti. 

Morcover the time required for the evolution of the Partula is not 
great New species can be produced very quickly. Crosses between two 
species will produce a new species not seen before. Of coursc I will 
admit that a place like Fiji may have been connected with New Cale¬ 
donia and New Zealand. Biit it secms Improbablc that a large continent 
could exiit in the midst of the Pacific and have no mammals but only 
tizards and snakes which could easily have been carried across the sea on 
logs or brought by the uatives for religious purposes. 

Mr. Pilserv: I am very much gratified to hear this cxplanation of 
the distributior. 1 had already, althongh 1 had no special knowledge of 
oouditions on those groups, made the suppos it ion that the shore shells in 
Ha wait had been distributed by native* on native voyages. As to the rapid 
growth of species* I think there conld be two opinions. Now the Society 
Islands Partula all belong to a sirigle section. We separate them from 
closdy related species and it b a matter of h&ir splitting whether they are 
species. It is a matter of opmion. The mutations which appear are 
the $amc as those in the Hawaiian islands. Their color mutations are of lit- 
tle valut Every species goes through a kaleidoscopic series of changes 
in a short time. Btit on the different gmnps of Pdynesia we find the 
Partula somcwhat more diffcrentiated We divide them into sections, 
The Marquesas Islands, Society Islands and Samoa each have their own 
genus. They go bick a long way. Now in places where we know some- 
thinjf abuut the hJ&tory of the land, in North America and northern 
Europe we find that praeticalty all the modern species rcadi back imo the 
la$t geological period. and in America we know that quite a number of 
modern species in Florida are found iti the Fliocene period. While color 
mutation goes on rapidly, rea! structural chantre lakes place slowly. In 
rhe genus Cerion a remarkable chatige has heeti brought about by hybridi- 
zation, but changes are sinalh Some people admit oniy one species, some 
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a domi. so that they cannot be the explanatiori of the differemiaticm of 
thc species that has gone on betwecn the islands of the Pacific. 

Mr, BaRTSCH : From what Dr, Pilshry said about Cerion ooe mighl 
hc led to believe |hat sliell charsctcrs only had been considered. If this 
were true, then we would be today exactly where we were when we 
bcgan our breeding experiments in igi2 r 

It was the close rescmblance of the shell which was rcsponsible for 
my refcrring in the early reports to forms used in our expcrimems, sim- 
ply as thc Kmg T s Road and thc VVhite House type of Corion glans, these 
names bcing derived from the Localities from which our stock was 
ohtaincd on Andros fstand, Bahamas, 

The fact that they would not hybridizc promptcd an anatomica! ex¬ 
aminatior, which showed that these two forms were 50 different in their 
anatomica! structure that it is not at all surprising that no Crossing had 
lacen effectcd. f am sure Dr, Pilshry would not only have considered 
them distinet species but would have placed them in separate groups on 
nccmnil of tbese di vergent characters and yet 1 am of the opinion, judg- 
hig from sonie of nur brecding experiments that they are of rather recent 
i rigin. I am indiued to btlieve that thc entire Corion glans group was 
rvolved hy hybridization in Plcistocenc time when thc Bahama Islands 
formed a ccmnected lanci mass. At this time the group was cnahlcd to 
spread arount) thc entire land area. Late t when the mdting of the glacial 
ice caps returned water to the seu an interrupted distribui ion ensued 
which finallv ended in the formation of the many colonies wc have today. 
encli oectipymg an extremdy Incal arca. The members of eacli of tfiese 
crlnuics appear to possess ccrtain characters pcculiar to that colon y, pro- 
duced hy iutemal and externa) adjustiHents which have resulted in the 
hnal fixatinn of st al>l e characters. 

Our Crossing of the Bahama Ccfion viate gis wfith the Floridian 
Cerinti ittfiinum, |wo very uurdated fontis, has produced 110 end of foruli, 
mauy with cnlirely different characters than either parent stock po^- 
scssvd. AII this Ihixing has Isecn produced within two generations and if 
fixatinn can be equally spccdily affected then it seems that the question 
of a Jong time dement for the production of new fornis h nm it all 
iieccssriry. fu fact our expcrimc its «rnnld rather argue for saltat ion thar 
for mi infinite time dement. 
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I have just returned from a rather extensive journey along 
the Pacific Coast of Central and South America and to Eastcr 
and Juan Fernandez Islands and have not yet had time to put 
my observat io ns into final form. This presentation should 
therefore be regarded as preliininary, 

The origin of the fauna and flora of the Hawaiian islands 
is involved in the larger question, the origin of the life in the 
Pacific islands. The available data are not yet sufficient to 
permit a ciear and satisfactory solutlon. As Dr. Pilsbry says, 
it is impossible to thiuk that the land mollusca inhabitati ng the 
group arrivec! here hy rhance. nr that they have heen rarricd hy 
the wind, or attached to birds* feet or have floated here over 
two thousand miles of open ocean. And fiaving once arrived 
here it is impossible for them to have attained present d is tribu- 
tion through the islands by any means except that of crawling 
oti their own stomachs from one end of the group to the other, 
Such observations call for the existence of former land con- 
nections which have since sunk beneath the sea, leaving the 
gronps of islands as we know them today. Moreover there 
is abundant physiographic evidence, as I have elsewhere point- 
cd out, that bears out such a theory of submergence in the 
group. 

Dr, Muir and 1 have discussed the migration of iisects 
at various times aml I agree with him fully that at least a 
large part of the insect fauna of the Hawaiian group might 
possibly have arrived here from time to time wind-borne or 
water-bome. However, I personally regard the insects as of 
little value in a study of the origin and former conneetion of 
our land faunas. Only a day or two ago Mr, Swezey informed me 
that 26 species of insects had been reported by our entomologists 
established in the islands within the past few months, How 
rhey got here is not known. But such an illustration is enough 
to show that insects have many meatis of reaching these i‘so¬ 
late d islands and for that reason are of little value in au 
attempt to answer the question involved in the origin of the 
fauna as a whole, 

I have listened with more than usuat interest to the dis- 
cusston here on the origin of our piant life, and it seems to 
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leave in my mind as I believe it does in yours, the Feeling that 
it is Mtxcs&arv for us to havc some additional mvestigaticms in 
and aboiit the Pacific in order to account for the origin and 
dispersa! of the plants. 

When you turn to consider the existing marine fauna of 
our Hawaiian waters you will find that ali of the zoologists 
who have worked on it are inclined to think that our marine 
animals are dosely related to, in fact a part of the Indo-Pa- 
cific region rather thatt derived from the American fauna?. 
This too in spite of the fact that the winds and the current? 
as they exist today set from America and not from the Malav 
Straits. 

Turning to the land agam we have in Hawaii a family 
of birds (Drepanidae) that have no very close relations with 
any other existing family, Dr, Gadow who has suidied their 
anatomical characters is inclined to think that they are dis- 
tantly connected with the Tostropidae of Central America. They 
are howcvcr very different in tbcir hahits and are not closely 
allied with them, Moreover this Hawaiian family is broken 
up into a rnimber of widely diverging genera and numerous 
islancl-honnd species; so mticb so that the Zostrops may have 
had their origin from our fauna rather than our fauna having 
been derived from Central American sources, Our genu? of 
Chasiemphis on the other hand has its rdatives in the old 
worid; Australia for example may have supplied this species 
to the Hawaiian islatids. 

It would seem that during the long period of time that 

the islands of the Hawaiian group have stood so close to- 

gether—whthin sight of each other—the birds above ali ani¬ 
mals, would be able to move freely from one island to another 
and thus keep its stock uniform. But we find that this pectiliar 
family is hroken into genera and the genera into island-species 
inhabiting on!y one restricted region or valley. From the break- 
ing up of this group we have in one genus f Oriomistis) a 
red species in the middle of the group, a greenish one on 
Kauai, a yellow-green one on Maui and a brownish one on 
Hawaii and so on through the several genera. 

My opinion is that we may have to look fnrther back 

than the Cretaccous period to find the origin of at least part 

of the Hawaiian fauna and flora because of the slow processes of 
evohttion, If we attempt to trace out relationships in all fiekls 
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ive are going to find, as Dr. Drowu points out with thc flowcr- 
ing plants, that there is a wide difference in the relatfcmship 
of the different groups, often extending across and thraughout 
tlie Pacific, which indicate* to me that there must have bccn 
very different condit ion s prevailing in this occan in ancient 
times, with land areas and ocean eurrcnts far different from 
those existing at present, 

Rather than regard our Hawaiian fauna and flora as grow- 
ing up on the islands as an accidental accumulat ion on a high- 
ly isolated volcanic group of barren islands I prefer to believe 
that these islands have had some land cotinections, or bridges, 
and all my study and observation confirm me in that opinion. 

These animals and plants must have come from some- 
where, and I feel that when we get the relationships and con- 
nections worked out we shall find that they have had some 
definite connections with older Continental areas. My feeling 
is that with Cretaceous coal on the island of Mocha off the 
ooast of Chile. coal in Australia, coal tn New Zealand and 
coal on the little isolated island of Rapa in the middle of the 
South Pacific we are going to find that more of our plants 
and animals have originated in the then warm regiotis of the 
Antarctic when these regions were rioubtless more closely con- 
nected than some are now inclined to believe. 

I have just returned from Juan Fernandez Islands and 
Easter Island, The arthropological and biological interest af- 
forded by remote Easter Island altnost overwhelms one. This 
island ls but 13 miles long by 7 miles wide and is made 
up of the renr.ains of three large craters, one in each angle of 
its triangular outline of the island. On the slopes of these 
are thirty ash cones of varying sizes. Easter Island appears 
to have been at a sta nd st ili as far as elevation or depression 
is concemed ever since it rose above the surface of the sea. 
The long crater slopes have vertical sea cliffs a thousand feet 
in height,, indicating the vast time the island has stood as it 
is now. 

The land animals are exceedingly few, the bulk being 
insects, a group which uti fortunat e ly is of little value in 
tracing origin or relationships, Most of the species both piant 
and animal have arrived at the island since it was visited by 
Europeans. On this island I found no land shells with the 
exception of one species which appears to be very closely at- 
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tached to the piant whieh the pdmitivc Polytiesiins earricfl 
(here* according to iheir legends^ for llie purpose of mahii^g: 
i^pa, Of the ttital Sis-t of about T34 spec-Les of planta one hatf 
Jiavc bccn ncccnt ly Introducod whik a nunibiT originally finuiid 
gro-wing Ctrl the 5 standa were introduced by the nat i v es them- 
sdres -tven a& here ici ILawaii. Of ihe enitre list of ratite 
plants scaraly eme sufficienti y diflfercnliated knrn near rela¬ 
tivo grgwing elscwhere to nukt: it worihjr of a. spbcilrc namc. 
T 3 icy ai E seem to belong io widely varying fornis capable of 
"bcing- carritd citlicr by win<f qr hy w^tcr; yct the iftiand han 
■stood as Li is for countlcs§ ages as. showti by ha sea cISffs As 
it g-tancis- it is a fine example of an isolated oceanic vok-anic 

i^Laud fb^t has ^athencfl it? fauna and ftura -Fmm Occidental 

arrfvals and thiu differs gteatly frorr HawaiL Iis laud life 
is as much South American as it is Polynesiaiv 

On the other hand, curiau&ly enau^li, ali the marine ani- 
ma>a I was atde to ccllnt cr observe ahoirt ihe shores of the 

ssland havc definire aJlirtitirs with PolyntWitt iitd evcn with 

Hawaiiati fauna. Thia loo iti spite of Uic fact that ihe cnr- 
rents and wincLs are Jrom tiie South Amcrica-n shone much 
ovina here in H^waii are fram tlic Nortb American cottt. This 
was nqt a great s-iifpfise to me eveti tho-ugh Lhe nearesl Poly- 
nesiaai island of any size is tnone ch-an 1500 miles to the we&t- 
*vard, and rrilgra-Uon from there icould lue ipinst the Ctlffenis 
and ivind.i, Lt -was 'wliat L expected «and the rcaihOn for 
pecti wg it I AfaeU attempt to iKptain in arather conii ection at 
a lator time. 

I ■went nexi to tbe Juan Fernandez Idand^ w-her? 
cn| condilions u-pne mti wirh, The group is composed i>f two 
inlatids. [ firiit visiie^l tlie oailyici^ one (Jias Afnera). It is 
11 Enety iniles froin Mas Aletra and i* iix miles sn lengihi hy 
ihrec in wichh and attains au elegat ion 01 about 6000 fect. 
On its «asiern sitle are mone than twenty valleys, eut ilown 
ntstil their val 3 ey rtoors i j ise at a grade ot fcco peucenI &o thal 
ai the valley heads you look up 4000 feet at the valLey walk 
Many of these valleys are &o narrow that the sun scarceiy 
re^iohes the buttom. 

I fonnd laud chelis an th^t vrdeanie i si and which more 
-nr leftt closely resemble Llios-e found hene and are doubtless 
of I^olytiesian ori^in, I found also a well dcvrtoped flora 
closely neliiled in that nl fh-e larver islaiid (Masa-tierra \ whkh 
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estett-dec! ili almoSt cvtry case irom the io the vcfy 

siiiTiniit. ]n, Hawaia u*e uiually gei quite different ptants at 
difFercni elevat tons. It was a singular and significant thing 
to nnt* the widfl ran^e of plants which inhabit that i&hrrt. 

The ocher isJand. gtner&lly referred to as Juan Fcrnantlez,,. 

undcabtedly tEie Iasi remmnt of a submerget! volcano. it 
thirt-een miSes long, three and one half nrllea in the wi-dest 
part. and attains an elevatson o t ioou feet. On this island are 

io eruEeinic species of piatits mg.ny nf [hem very simiiar tfr 

those it) HauaiL I alnust losl myself in the mountaLtns under 
the impression that I was. in the Hawaliaii woodi. That ii p 
I founri the animale and ptants and their asscditims and the 

geller al equili tigns of elimat? v^ry gjmjlflir tbfrt fOH-i^d Fere 

iif.der simi lar conditions. 

The objeci of my kmg joutney was u> tc5t ont a thcoiy- 
As some of you krwiv my wife and I werc inter^tted in ihe 
sturty of HawaJiaTt Tnollusks, Frior to her death we had di*- 
cLcwicd the Oiigin of our shell Fauna and had tome to the cc>n- 
ditsiott ihaL is Lhe land shells of Juan Fttna-ndei wrre at ali 
re larte d Io tho^e of Hawaii the fresh wa!tr sh<fls* shoul-d the re 
be any. mmld teli ev*n more of that relationship, for reasons 
■that r necd mt en Urge upem Here, Knowing ih-at rh? Juan 
Fcmandcz land siliciis had at Itant a Hujicrfitial rcscmhlatice 
lo those fo-Ltnd hc re, I thought that it miglst bc w-orih while 
nraking a Ione the long journey we had pLanned mitti ng to- 

■grther, m orrlcr to study the matt-er carciulEy an the grpund. 
Qiriously enough I found no fresh water fauna or flora 

peculier to that island, alrhou^h thft^ are a fgw |>prmrnrnr 

«Minis. Stili more pwtiSiar especially Sn comparison with 
E» ter Isi and k the fact that the-animals about iu &h ores are ali of 
South American origin. with the possiblc e^ception of the large 
lobster for which kuth islantis of the ]nara Fcrviiindcz gre^up ure 
fiiBOBe, btit ■whieh does noi live on the Chilean eoast only 
jpQ miles 

When oiie as far as I did to fin<l a thiiifj aml d«»es 

ncjt find it he niturally seoks an explanatior, It &-eems to me, 

frurn th? m^ny ciiff^rpnt ty|H?s of jtl(Uriecf as as tliri^ct 

e vidente of iithiiierg ence thal I lontid therc. tEiat thene has lie^n 
profcHnuj subinergence in tlnt ^-rcutp sufficient enough to cut 
ih«e tivo islsinds aparr anci illate their planr& ane! animah. 

Be f| rcrncmliercil |n this d(]ric)eCtit>n rlla^ |hes.^ istaciiCs wert 
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ne ver ini] abitet! by a primitive people and that their winds 
and currents pa&s between them and not frcm otla fti thc 
other, Ferrem a L|y I gm just j« satijfied tbait the whole of 
Juan Fernandcz a rdri pelaga wtnt dcwn in a itiddcn ■calactysm 
a^ thougfi I had stHKl by and sten it go. In no other way 
can you account for its cudons- mixture* of old Sand fauna* 
and floras; il& marine fannas arid its absenoe of fresh wtter 
life. Bnt we wam niore data, For C3tsmp!t r tlic fishjsnnen 
teli me they fislt over the sivit! of lvabcr whkh thcy bcKcve 
&o tc cau&cd by a submergetl rid^e betw-eeti the two islandE. 
Morwver ehey report bottom off shore six to ten mites in 
several ditections in from sixty to riineiy falhoms of witctf, 
Wben I found cherr a species of Gunnera iliffcring from an- 
spwici °n an onlj ninety mbes. di&Eant and boilh 

appatendy in the process of stili furilicr evoluti on witli (Lhc 
prospect of a aubmarint rid^e coun^cting the two ia-lintis 1 
p-ut dE do^vn as pretty gond of ^ubnergence. When 

1 knnvv that Guimera, also cmurs in thc Kaivaiian ishrtda (ow 
miles away [ conside r it also as an Ln dicatiori of submergente 
ratlier tha.n Occidental Snirodwti^iu and on fhroijgli a of 
tonnccted or relatcd otwmi-twm hoth here and there, 

"Whrn wc ta thc liotlwiiL of t hih whole iiiatter and cli-c 
dati is faYitly in. I f«-l [hit w* ^hall find tlicfe lia^ Iwcn a 
wide&pread and geneTal submergente in ttiis wholc rast 
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SOME PROBLEMS IN HAWAIIAN ENTOMOLOCY 
By F. Muir 


The chief ob^ect of thia Conference is to brin g to^ethcr 
scirrtrists interoted in prubltrms of the Pacific wirh the oh- 

]<X't of cOopcOtiOri a.nd mutua I i.H^iiitjtTiur- Scietiiasts frocn {}lci- 

ea.rlie-st limes liave fonntd a brotherhocd and entomologists 
aII tbe world over have banded tc^el-her for tbe advanccTnenl 
of thtir own particula r studics. 

The Pacbfic in a huge Eabo^alOry wherc naturr ha.H carried 

on liiige experimems Sti ttitgraliou, se^re^ation and species 
formatio n fs>r enormous periods -of lime. To understand fwlly 
rtie uariotis pnocesses -wliich haw ‘toiigh-t ahout tbc prement 
■cntDmolo^ical condit ions in the Pacific it is absolutely utcessary 
to know the concitisions arrived at by workera in other branches 
of natura] Science, and to trp to coordmate a]E onr krowlcdgc 
to form on* harmomQWS piam, Thi& iiScal miay ne ver Ih- ai- 
taincMl bwt wc Kave to work to^vards that erad_ 

fintomologfy, both scienti fic and ecoTiormc, is further Ad¬ 
vanced in Hawaai tlian in ary otber islands in the Pacific. ti 
dates back to 17QJ ivhen Fabricius, iu volujtic II of his cc1c« 
Wt«l work "Entortiolo^U Sys*eiuatic-a" deseribed two Ha- 
waiim Hymenoptera, Odyaeunu rwtufa and Idmpuxwu fuscam 
coilected by Capt. Cook in 1778- Ssibscqwcntly other cari y 
circiiTnnavigatois calEed at the Hawaiian i&l antis and colletfccd 
a fcw insccrs, B ut wc liad no adequate !dea of the utiique 
farnia until 1876 when Ltae Rev. Tbomas Hlackbum came to 
the ishnds. He resided -in Hatvaii until i-ftfts arui cSurj-np jha-t 
time-coilected [n ali the main i standi but c-hiefly amund Hor.rv- 
icihi. Alone in v>ngungtion with Dr, Da viti Sharp he 
djWCribed mariy iiew speciet and ^cnpra, and otber Speciali^ 
deseribed sgitie of his materiat. Thls work rou s^rl the int^r^st 
t>f natur ali st s of Great Britain and in i&^o tbe British Associa- 
tfon for the Adv^n-gemcnt of apT^inted a Committee 

"to report on the present state ni onr Icnowlftdge of the Sand- 
wich 1 sUtids F and to takc step£ Lw investigat^ asccrtaitK\l tle- 
fictemHes iti tlie fanna, w\\t\ power to e-ooperate whh Lhc 
Comimiiue appf?3Fiied for thsr p^^rpo^e by th-c Royal S^cieiy. 
and eo avail tbtmKdve& of j^neh a^istanec niay ht off<rcd 
by the Hiiwaimn ■Ccv^tnrncni or che Truaicca ut tlic Mli^cuin 
it H^noltild.” Dr, Davad Sharp was appoimted wcreiairv aiKl 
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Dr. R. C. L. Perkins was chosen as field explorer. At a later 
ilate the Bernice P. Bishop Museum cooperated in the work, 
and many specialists worked on the material collected. The 
resu Its of the labors of these men are embodied in the three 
large volumes of the "Fauna Hawaiiensis.’’ Apart from this 
work the Proceedings of the Hawaiian Fntomological Society 
contaim most of the Information pnbhshed on the insect fauna. 

A1I t his work was purely systematic, consisting of coi* 
lecting and classi fying the insects of the arehipelago. The 
economic aspect was never considered. But no activity of 
the Bishop Museum has been of greatcr economic value to 
the territory than its cooperation in the preparation of “Fauna 
Hawaiiensis” for this work fornis the basis of our knowledge 
of the peculiar condilions of Hawaiian insect fauna, the rec- 
oguition of which has gnided us in the economic work which 
has been of such great vahte to our chief industry, Un- 
fortunately it has becotne popular in some quarters. even among 
zoologists, to belittle systematic work and to look upon it as 
holding an inferior position, Either through lack of knowledge 
or understanding the detractors of systematics are unable to 
see tbat it is the one branch of Science which cannot be dis- 
pcnsed with since witliout it one ts unable to speak or write 
on auv branch of entomology with intelligence. 

In the iutroduction to the "Fauna Hawaiiensis” Dr, Per¬ 
kins lias reviewcd the insect fauna in a inasterly manner and. 
with a commendable caution, has drawn certain leading con¬ 
ci its ion s regarding several of the main biological problems. 
For dctails 1 mu st refer inquirers to that work. The .first 
problem with which we are faced in order to acquire a cor- 
rect understanding of the origin of our insect fautta is the 
status of the arehipelago, 1$ it purely oceanic or is it Con¬ 
tinental? The answer to this question will tnfiuence ali our 
ideas. In the one case we shall conceive of our fauna as 
having arisen from a very few immigrants, the endemic families, 
genera and species having all arisen Iocally; in the other case 
we shall think of our fauna as being the remnant of a large 
and richer Continental area. 

The question cannot be settled bv zoologists alone, nor even 
bv biologisis alone: all the evidcncc must be takcn into con¬ 
siderati* >n which geology. hydrographv, geography, paleogeo- 
graphy and palcontology can briug to its solution. 
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Tite cviilencc a( eii toniulugy is dverwheimhigljr in favor 

of the oceaaic: theor>\ The iraost striking thing ibout the 
ll-auoiian fanna is t he absence of ■wJiole groitps and the orders 
present ane reprc&EntrcI hy ooly a fcw fami lies which COnld 

have Ctifiic hy~ rti^ht nr f»y ^ir [Kein curf^ilts. "T«] g-LVe hlil 

a few examples: Ihe whole grotip of the Lairtelli coria heetles 
is represented by a aingk genus wvnpCKd of ^ few allvrf 
speries. flf Lucanidae, and Ihese are ronfined to the i&la«t! of 

kauai.. Thg larvae of iliis farriLly live in rotftgn or Huirnrl wood 

arui -eould be carried in drifts. The great greup -of Sear- 
atwidae a wkftc larvae live in scii and therefp-re are nc^ likdy 
(n he cairied in drift, and ali of the- Phytophaga, wha-H: larvae 
irrd an iivin^ leavgs and llirr-cforc coulri not uuinr ata drifl, 
are nat r^presenteri at ali, Thesi beetles have sma.ll power 
ol fiiglit and ate to> heavy lo bc -carne(I by wind. The 
Citieiridelidae are also absent. Owiug to tbeir siiecialiaed 
hafrir& the^r larvae raild never arrivg :n drift anci the adulta 

tfOtilJ nol fly or hc wirul-lxn-ne foi 1 dLstafcJ^ci. To fttt Oflfi 01 

the rtiosi inkresting fcatures of thii Coiifcitrtce is tht arvoiint of 
evidence thal has be-en brought forward bearim upon tHjs sub¬ 
jecti and the ourtrtanding fealivre of rhe evjilenct i& the strong 
support it £iv *5 lo thq (.igeauic theory- So s^r^n{f r uicleed, ts thil 
evsdrrtce that I shall ttmskltr ii as coti clusi ve utHil sucli time as 
the bolders of the coti-Linental theory ean brin^: forward sbonfrer 
cridence in support of their theo-ry. That theie etre ca&es hard to 
£3ipla.m wLtbcnil 1 -ind conneehf^ns a& posseble.. hiet- the flifficulty Of 
esplainui^ why sa much i?5 msl here, if we jiosttdatc % laiul ceui- 
nection, is i nfitiil-ely freater. 

The argument for eontinuom land artas draus ittdiitf sup- 
P^frt Irom ^w^rap^iical d^tribution and ihe ^ippo^cel itnpo^ibil- 
ity of eertairi for jus passimjr ovet large oceas^ ifeai_ Upon thti 
Iasi poirtr I tthisi inaist on our va^l ij^norance. The data as to 
vkhax is carried oti floaling aslamls and drlft i& very sniatl and 
fur ure eiprditioTi!; &hould m&ke care fui waminatiou of al! such 
inittriai irtet with. Tlic am&urt oi inscet lifg waahcd down with 
"'drift^ du-p-injj floods is cnormona and is well known to the h\r^ 
as wdl as io collectors. Iri Australia I have watcficrl the binis 
patrd fSe river during floods and take (olL from every passi 
Sof, h h n-tit every ir\bcc\ washcd out to wa that reaches a des- 
tinsatioin byc. only onc or'a jmall colcmy, fKrhap«5 p out oi the 
militon s sei adrift during long a^es, susrvives. For this reason 
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experimcnts to scc if certain beetles could live in sea water 3 r e 
of little vahie. 

The argument from the gcographical distribution of genera 
is based upon the idea that the species of a genus are always of 
monophylatic origin, That this is so in the vast numbcr of cases 
is no doubt correct, but I raise the point as to its universality. 1 
will give two examples drawn from Hawaiian Homoptera which 
appear to break the ru!e. 

Elsewhere 1 I ha ve sta*ed my reasons for eonsidering the 
authoclithonotis genera of Ilawaiian Delphacidae as having two 
distinet origins, The ancestors of ihese two groups arrived sep- 
arately, oite considerably before the other. Roth have one char¬ 
acter m common. viz, f two distinet longitudinal carinae upon the 
face. Each has giveu rise to parallel genera having only a single 
carina ou the face. T believe that the gemis Nesosydne Kirk 
a rose from Aloha Kirk within the udanda, While working over 
the Delphacidae in the British Museum I fotind two specimens 
from St. Helena deseribed by White under the genus Ilbumia 
which are congeneric with Nesosydne, so T had to sink the latter: 
therc were also two species deseri bed by Walker under Delphax 
from the Galapagos islands which, although not so enti re ly typi- 
cah have to he ptaced in the same genus. In spite of this discoti- 
nected gcographical distribution I stili hold that the Hawaiian 
species Nesosydne, or ratlier Ilbnrnia, a rose locally from Aloha 
and have only an iiidircct connection with the species in Gala- 
pagi>s and St. Helena through a widely distributed ancestor 
closely allied to Aloha if not identical with it, 

The second example is taken from the Chermidae (Psylli- 
dae) nr Jumping Piant Lice. The genus Kuwayama Crawford 
differs chiefly from Trioza Focrster by the absence of genal cones. 
Crawford 3 considens that the three Hawaiian species of Kuwa¬ 
yama have no dircct phylogenctic connection with the species of 
the sanie gemis in other parts of the World, hut arose locally 
from a loca! Trioza. possibly T, ohiacola. 

Although such cases may not be very numerous, yet I be¬ 
lieve tliey will be foutid to be numerous enough do be taken into 
considerat ion uhen discussing geographical distribution and 
land areas. 

Another strange case of gocgraphical distribution among the 
Hawaiian Delphacidae is that of Kelisia paludum Kirk. This 

* Pro. Hawaiian Ent, Soc, HI. p, i6R. IQid. 

*Loc. cit. 111, p. 445, iqtS. 
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inswi was originally describet (rcun tlie ialands and considered 
h> fre eitdemic- but durinf my Kra^ela in the Pacific. I hav<r t&kcvi 

]t in Fiji r Australia, Java. and th-e Philippiae ssla-nds and liave 

specimens from Ceyton and India. A study o( this in&ect in ite 
varie* is habitata may show Lhat it ha.& been disseram ated by man & 
asrmcy- alon^ with aversi plants, and pcrhaiK insec:s p frum the 
Indo-Mala van fcgion. 

iVhen wt inquire as to the matiner in tthich the insects 
arrivedi in Ha w ai i we mu&t turn lor Information to the lnet-eor- 
olopst ani hydro griphe r, for currente of air and water were 

It 3 _h noi 900ugh to Etnpw hfnw rii^s^ ag^nts are 

acting at fhe present time: one musi ha ve &oine reasemabfe idea 
a? to how fhcy acted in tlie past, And here we liave Cq tum U? 
the peologist and palrageographer Themain cumenis of air and 

ivalcr the -uLEltonir u-f phvsic^l ;i^9nt§ whi^h haw frQlTl 

Elie iitiie when the rarth toolc itpori itaelf ite present fonn H but 
"hey liave been moiified by ihe relative positioti of land -aM 
«ater. Whm the lauri barrier between North and South Amc-r- 
icfa ¥s»$ bmkcn dmvn the tropica! ocean currents tnuhi ha ve been 
gtraily alttred. Ff the coaet of tiorthwest Souih America or west 
Central America wa& extended to the nortbwKt, as is pvrtutaftd 
hr wim^ g^o-logists. tH^n ih* present Current R a!ong thr coaet of 
America tunsi have bcen Ereally altered and directed towaris tlie 
Hawaiian uhnds. The raisin^ of the PalynesiaTi pl&teau woulrt 

al?Q e liande t*ie pre^nt 9!lfr?Tlt& Sflrtsiderably. A ny or P.1L of 
ih^Kc modEfic&dons mighc h&Yg marlc ii rtiueti taei-er for ins-eers- 
and plantt to Eia ve readied the is lancis ■ 

Dr. Foriest Browti in hii inter^sting pper c*n fh? "Orljjin of 
tlw Hawaiian Flora” s-tated thit 30 eeeds amvitig at rlie rate of 
otic \n a jnjUigrL ycars wonld kcccmrt for rrost of tlie endernic 

plsenis. Ii would require a siightEy hig-her number of ltisects to 
account foi tlie insect (anna. Ht ilso irtated that tlie R;cnrra in 
tvhich there wpne nnany enckmic species, and which are tfierefnre 

pmlbabty ilir most atiei-cnt r have sm.aH iiete!?;, Brc^dly sjteakinp 

iLi-e coulrt paralie! this in tlie case of tlie lh secli;, wifh g. few f 
cxccptioris. 

In \h* ficid evf evolution che islanris. offer »me atuere^iinfr 
prohleTtis; for here a great nu:nbcr nf species^ many genera Jind 
«HTie familia have been evolved uridee Ccmdiliona m^rc iimpEt 
fatui jherefcre more likety E& be within tlie iiridcrsraririin^ of tht 
huitlin mind) than w? can boj*e to find in any -o^her part ai the 
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warid, There ari no reasom e* 5±Lpp*se that biotojpcal condi- 
Ei^ns jn \h$ f->land^ wm ev^r ary nwre -cwnpiex tlian at pr<:5~ 
ent r ™ faet it is-ljkely co hnvc bee-n ^thflrwise. 

A StlJily o£ iiiarly uE Lhts* »|nrdcs indicaies that natura! selpt- 
lievn has playeJ lietl* or jwj part in tli-q= ftrigiH of tht cndemic 
insecta Many of thtse at e mainly phaLlte species in which tht 
body (or dlfatfic) ^ha-racter* have different l ated very llttle W 
tht male gtliiLa.lie have diffcTcntiatcd vcry d^tmCTJy and cutihfL- 
erab1y„ Else^-licrc 0 I "Have put fofwaM $oin* tvidcncc fcu stipport 
the sugccation that ttie externa! male genitalia are the firat p>r 
twift of tKe insect to reflerf any alterat ion of the germpLasTn. Ift 
■othtr ca^es (i. c." //frairuirt tyaihcdis and its varieties) . 4 wc have 
considerabit chnwtic differentes which im^lu tven he consideret) 
of genertc valne with practteally no tlifferenet in tfie genilalia. 1 
cannot concerve of these phallic differentes being 6f any selec¬ 
tio H4l ralue, hut havmg onee risen they niay be of valne a* a 
forni U-f i&olatioti. 

Gulick has sliown tlie valueof Lsolation as a factor of dif¬ 
ferent iation of laod shclb. The s-tudy of tlie insecta leads eo 
limiter conchisions. But if hybndizittor*, or tfie minirig ai the 

ckromosorties, st cacfi genrrtdon is the qtiIy nr thief caiase of 

variatiora then slionkl nol akij re strictiori of errrning by any form 
of i solat ion linill variation ? I( so therb large ecrnt in uous area^ 
witJi EittLe ot nothi ng to inrspede mitratior shonld be favo rabie fco 

varsatirm sncl areas unfavorabie to rTugraExCin, surh sfi rruJllfitatns 

and ifiUti(l!i r shoultl br the rcvtr^. Bnt thl^ is ccniLrary to ait 
eMpericnce. 

This is noL tlie place to tlwel! upc^i tiie ecrmaitiic cnt<jrriol 0 Fy 
oi 1 larvali except imi so iar as i e reflecis ttpu-n wi-Jct sclenEific 
qnKtkins. AII of onr insest pests are introduced and ouf chieE < 
itietthjd cctiTiharin^ tliem is hy tbe introductvon of natural 
enenvies. Along tliese lines we liave been strikingly successfnt. 
owir^ to our unique bi-ologicai c&nditloEis and our kn-owled^e oE 
them. WithoEit tlie systematic work prevaously mentioned we 

ck m Ld Qrtly hav^ Hv^rlcp! jn \h% dflrlc; wg slwuEd ha\x krwwm 

irhelher a pest a native of ihe islands or an introduetson. 

Ditrin^ t he last twenty years a great deai ha s been writt m 
on the deatb fjte[or& of inseers. bnt nostly along two linei;. First 
A liH-b of C&phlPt? has Si^cr ani ! eKp^rilKntllts on 

feetlin.cf animal* witli inseets have been made. Th«st have bfpn 

“Lek:. cir 113, p, ^ift 
*Luc cit. IV. c, p. Qh iQitu, 
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of great value and have showti m thatcertairt insecrs are attacked 
bii- tertam enenties, but they have given us bui litlk itfesight itito 
tbc effert suth predaiory insecta niigtit 3 iavc so far as natura! 
££l£etriri is toEiccrncd. The scoond Ime of investigation has been 
011 mjuriutii inscets, rfipsTly ijrhtre they are very numerons,. and 
Hi e re fore free from any great struggle For «xi&teiice. 

In our sta reis for entmies to eoiitrol our iuseei pe-urs we have 
had io stiicly the pe*t over wzkLe areas where it in lield att checlc 
hy natura! pendes, sort aut varioris death factorg and esperi- 

lTicnt lviih th-evn Eji tbt H^waii^n T^e ^ugar c a n e 1-esf 

hopptr {Pgrkmsiclla ssteharitida). and its aLlicn have now b-pen 
atudieil in Fijh Australia, Xeiv Quine a, Ui-e Malay islauds of 
Larit, Ceram, Bonuo and Java., ihe Malay Peninsula, China, the 

Phdfcppin^: i^lg.nf[s p Formor ftn*L Jajian. Thes^ ^tiulics h=ive 

taken scvetal yeara aiuS ihe fihtcrvations have bew suade by eev- 
era! mesi- The res-ult is \o denwnatrate that tbc death factore 
acting upon thest insects- are similar in ali tltese regiaris and that 
it is the eggs and the young that are desiroyed up to as bigh as 
90 10 9 j per cent p Icaving; only 8 tu 3 per Certi of the 3ilults to 
EatJ ia the slruggle for existence. By introducin^ some of these 
factors tnto our islararls and ^eiiin^ sutu lar rcsulls to tho&e ive 
fimf in tlieir native habitat we hei ve d-emcwst rated that thew are 
trite 1 lc-it b factura. Such experiment* ca e ricti oxxl usi sudi a" 
extensive scate have to be conside red vfhm wc disCitSs the attirsn 
of natura! sclcttion on specific characters. From this point of 
view our econoimc worlt is of grear valuc to biology. for our 
fxpcflrnefits have beeti carried on ori a larver scale than aisy- 
whtre elsPi 

The a bove is trut -a littlc of the evsd-ence contnbuted by 
Hawaiian eiitomolo^y towards the sohititm of sume of the prob- 
Itrits presented by jsland life an ihe Pacifio, Unfortunit«)y the 
va*t majoriiy -of tlie Pacific, istanris at present can produce little 
entonio 3 osical cviilencp toward tht Eolution of as 

lite fundamenta 1 work of itld ideil?sfi-C^tL^fl n^it 

been dane. 

\^ r tien one considers how rapidly the natura! condil[oiis of so 
rtimy fif the Pacific isbarvd* are beitig swept away by the reqiiir^- 
ments of modem civi litat ion. onc rannot advoca lc toc stroiiffly 
tlie iTumoJia-le prosecubori tfhs w&rlc, The manner ir whlch 
the enftnntogica] wotk in ihe Hawaiiar island^ has hecn dme 
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presents a gwd eMmplc- ho-w it s^ould be dotie dhcwhm. 
Inv es limatior cartied oti upoti pumely sricntjfic tines has resu3rerl 
iiaturally in immense ecanoraic a-dvantagcs. Tq try *q reverse 
ihe ni-cthnM “would, I btiitvc, iic less satisfactory. 
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SOME ASPECTS OF HAWAIIAN E-NlTOMOLOGY 
Bv O. H. S weiev 


In pregentirg to the Coiiference the importance of entwnnl- 

in the Haivaba-n istands and onrlinmg; soine oF its moxc 
salient ftatTurcs. ]ct mc say at the srart that cosning as you Eia ve 
10 thi* so-callcd J1 Paradise of the Pacific/* those at you who are 
interestect in ins-ec^ uill soon find that this is ro "Paradise*" for 
the insecl collector. The visitor who has. se-en qw rcad of tho 
Lai^c and shflwy insocts and gorgtou* hiitterflici ihat ha ve been 
[a*kcri iit tornet groups of tropica! islatids of the South Pacific,, 
kncnvivig diat Hawaii is aituated in the tropica, and therefn-rt 
fwpedLn^ to find rnuch the same display t>f insect life here, ■will 
"bc sarlly dis£ppoimed u Eicn lic gocK intfi aur valito artd mojnfni i 
fcntsts En. seareh of sh&*ry d«s-irable ca-plures. 

On the tO w lanci i and Culti vattfd ilKtrict^ tberc IS App arefit l>' 

a ^reat aufficiency of insect life. The gardoiers and agritultur- 
L5t^ complatn that the re are more insert pests here dum any- 
tthere dsc in the 'wurlrL Tlitrc etttainly are [ilciity, Ixith in Jtinfl 
and 5n the -fliicttber cf cernit* kindi that m ay be pres&nt p^f 
piant or rree, There are scarcely mt>re P however^ Lhan are usually 
fmand in culti vatetf re^rions. With wry e?cccpticns F thCsc 
pesls, togtthcr w\th many itisccts oi nn «otiomic importince 
« e uri ne 4n the ]*wUrids, d* inot belong to the native insest 
life, but are Lintiiipramts fremi other paris of the world whigh 
hav* arrived here hy some natur^l means or thr^n^h the ehiii- 
nelsdf coTnmerce. A goadly uumlicr ha ve bcefl pyfposdy isntro- 
dueecS of recetit years. by reason of tlielr b*emg parantes or preda- 
toiy on tho&e which are pe&ts, 

Thus there are two distinet clas&es of iinsects as re^arrls 
theiroripin and their sqcntific interest, The ^cale insecta plrmt- 
lic(. aand other ^arden antl crop [itsts: the flie^ auts. msehcis and 
other rinmeslic insects about owr hou&es, art: chiefty ittinfiigranls 
whbch hg.vc imved here siiicc the comof the white race to 
the islands. Ott fhc oflicr Biaud are rhe neally native insecis 
tiki^h ha ve develope-d here throu^h tong periods of rime^ and 
^'hicfi are miich more numerous in species tlian the immi^ranl 
iiiRccts, th&ugh tmieh fewer in mimlvrr per spccics, and are rarely 
s^cr hy any excepi the errthusiastic critotnologist wfoo bv siit- 
nifl-brttin^ imany diRictilices, an<( "by dilident search iti the infjtin- 
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tain forests is cnablcd to fiud them in stnall numbers. To be 
sure thcre are a certain few native insects to be found on the 
lowlands which have not yet been supplanted by the immigrant 
species; but it takes one of experience and familiarity with the 
native fauna to distinguish between these and the ones which are 
immigrante. , 

On account of these two classes of insects (native and immi¬ 
grant ) we have two phascs to entomological work: economic 
entomology dealing with the insect peste and their control, and 
the study of the native insect fauna which has been found of 
great interest in many lines. The work of the economic entomol- 
ogist has been very successfitl along the line of studying immi¬ 
grant insect pests in their homclands, and mtroducing to Hawaii 
such parasites or other natura! eiiemies as were found efficiens 
there in keeping the pests in chcck* This kind of work dates 
liack to 1893-1900 whcn Mr. Albcrt Koeliele, workmg alone 
for the FSoard of Agricttlutre introduced many valuahle lady- 
beetles and other hcneficial insects from Australia and else- 
where. Later on this kind of work was takcn up more 
extcnsively by the Territorial lloard of Agriculture and For- 
estry and by the Expcrimeiu Station of the Ilawaiian Sugar 
Planter’s Association, until at the prcsent time no less than 
a dozen trained men are engaged in otie phase or another 
of economic entomology. 

Sonic of the sneccssfu] accomplishments of this group 
of workers in the line of introducing natural enemies for 
insect pests have been the introduction of a dozen or tuore 
ladyheetles and mtmerous bymenopterous parasites to prcy 
on plant-lice, mealybngs and scale insects: army-worm para- 
sites, lealroller parasites, e gg-parasites. and other parasite? 
<>n the sugar cane teafboper: severa! parasites oti the Medi- 
terraiteaii frnitfly and tlie melonfly; the Xew Guinea Tachinid 
parasite of the sugar cane beetle borer: the Pliilippine Seolia 
parasite on white grtihs; and others of minor importance. 
A recounting of the travels and experiences of the ento- 
molngists wheu in search of these parasites is a long inter- 
esting storv hy itself but cannot be included here. Xone of 
these parasites has exterminated the pest, but in most cases 
the f>ests are stifficicntly controlled by them so that other means 
of control are not practiced. 
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Xtrt mucli tnteresl was dispbyrd Ln the native itiscct 

faucia (iintil "tVic Rcv_ Thcim^F. Eliae hburri, who wai 

with thc Cathtdcral in ManoliiEii duriEig thc ycars 1876-188*, 
collecte* l tbe native in-sects quite extensi vely in the rnountains 
ab™t Honolutu ani s*nt rhcitn to Rn^l-and for [leterniinatiun. 
Mr. Ct&ckbwm^ pionccr work revcfalcd thc hi^hly interest- 
ing eiidcmiscn of thc Hawa.iian insect fauna, and ewcntuall)' 
led to the systematic ex-ploration by R. C. L. Perki-ns P and the 
publkaliun oi "Fauna Hawaiicrvstis/' This «ptoratEon was 
bfljpun in 1892 and ccniiinucH foc about ten ytars. and cota- 
ttifutes tJ]c -tmst catnplctc entomotogieal exploratiori of any 
^roup of oceanic ktands that has yet been undertakeTi in 
[he Pacific Gcean As the reluit of this eaploratifxi. 3:245 

a-jjecicK 0-f insMilts wefc listcd Ln thc 11 Fauna. EUwaiiensal^ 

^74ci h or 84 ptr cent oi thc species wcrc consiritred endemic. 
These were larpety new species whase descriptions appear m 
thc "Faima.” The book is a penes of mortographs compri.^ 
Ing 2J9E pigts and fti plates f marsy <»f diem eolored. The 
Efeater pari of kt dea)s *vtLh insecta, altho itie other classes 
of land an ima Is are also included—cbicfly the Mdlwstsip 
spitlcTs and hitds. 

This work an the insecta brought out the main charao 

tcrisiies of ihe native innecf fauna, as, weli as irnHcatin^f 

iihich Jaini1i.es ot the different orrierst are presEtir and what 
promi nence the different ones ha ve an aliese islands. \ bnef 
rcvicw of these Tvtll .serve to indicate to you what is to bc 
fourtd in thc way of native insecta ira our na.tivc foresrs, ti 
witl not assure yom collecting many of tliem, howrever, if 

you should urish to sperid a day collecdr_fr in the more ac- 
cessible tnountain forests. Oie reason for this is that mnny 
sjiccies a^c attached to particnlar trees c?r plariLn ain.1 nnless 
^earched for on tlieir particnlar hosts will twt be foiind; and 

it often happens that this- tnw or piant dne& ncjt occur ni 

tfie particnlar place where one an collecling. The fact that 
many of the trees are qulle limited in tlieir ilSstributicitt, is 
a lactor of Loiportance in determinir^ tlie distrihution €>f mary 

of the inscets ol HawaiL 

Tlien, tco F rsnany of the species occnr only on a sira^le 
islarkd., This fcature fa most prnnonnccfl on the island of 

kg^i separaleil frotll OallU hy a channel atx>vit TO- rnjlcs jn 

wicfth. Almost its entire in&ect fauna is peculiar to ihn island. 
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The island of Hawaii h inuclt the sanie, thou^h ticu tt* 50 t r fcat 
an citent. The £rr>wp of islaTicfa.—\faui F Molcik&i and Ls.nai r — 
stc scparatctl hy dianncls of abput 10 miles and Mve many 
species ni inscets tr cominon, tliou^h each has quite a 
ma 3 iy Ihat ire peculiar lo it&elf, and they a 3 so hav« sonie that 
oceur on Jlawaii and Oahn respecti vd^ Oaku thus has 
soinp species jr with Elie M&ui-MolokabLsJiai group 

and also some iti aummo WLLh Kauai. Tliere are a few wJikh 
occur on ali of the isbnds. 

As an illmtration of i&land distribiurior of reLated speciei 
the ha nam Lcaf-rcl lers -may W iLWfh Thcse are catcrpillaCs 
gf fhc fetius Na-culcia (Owiorffj)- Six spedes -are ac ptcseui 
knotin to fced oti the wilrl batiatsa piari ts. and proba.bly fherc 
are more yet to be disco vere d. Foitr of ihew species are en 
the wild bananas on varians parta of Hawaii, onc on Maui, 
and tke sixth .Hppries on Ojhn and Kaiiai. Iti the same wiy 
the re are lepidople rous leai-iniiiers on ohia lebua_ Piplurus. 
md on many other trees which ha ve differsnt species- of theiir 
rcs|Jcrrivc genera On tW daffcrcnl isLanrU. Many siiflilai 
exarnplc* eonkl be given of the devclopnietit of di fierent 
species on tlie saime host tree but on different istands_ 

Furthermo-re. many of the khown species of 
imects are e?rcecdin£;ly rare B the descriptiori in the "Fauna 
Ha wanc 7 i«=.is’* hein^ has^d on a 5 ing-]e -specimen and no otherS 
having been coliected sine e. For tAample: of the 440 species 
of Micrdepidoiptera, zj per cent were describet l on a sin^le 
specimen, and 41 per cent on nnt more than 2 specimcns. Mucii 

(hc ftainc F-iti.ia.tmn prcvails in g-thrr orders, shg-wing; thaT for 

abcsirt half o-f the npecies the diances are very small for a 
collector to oblain specimen s. 

On tlic- other hinit, soni e species are oflen found in un- 
atmnrtaTKe; twaiapk. a ha-rk heetie {Prettrhiitus 
u-liieh may lie- colleeted hy himdrEdK beneafh the 
foark of dtad trees; a latrge wetviL (NfStitttm gtf m 

fardi) conside re i raie. whose larvae I once fouud in hun- 
flieds lumeath rlie liark gf a raently fallen CheirgrlenelT^n 

tncc' a leiflvoppir (J^nrpriri gitTlii.£rti r) fountl m gi^cat abiltl' 

[Sance 011 She leave? oi the strange piant. Sunncrd pflaloitlra: 
a Frkmid hw\te (Parandro fiunftittp-s} olherwis-e pather rare. 
w!mse l^rvne werc uner fcnirrl in Lar^e niiTTiber^ in dead wqheL 
of .-le/t tid . J ibh! of olli er trt-es. Sii^h e^^s occur wherc 
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ihc collector wjh 50 fortunata as to arrive cn the scene at 

the opportune Tnomcnt, ivhen thew dead trccs wme in jnst 
llic righl carulition tn bc inhabited by rhc insecta TFcnliofliri. 

The fcrtgping; 15 sufficient Gtf-planatioH of why an inwct 

Collector iiracr|Tiaintc:ti with the L^lands wjh ir.ccl wit-h dis- 

fljjpointiricnt cm bis firat trLp itito thjc mnuntairis, where in- 
stc ac 3 of findiug tlie tropica.! foresc iccmitiy: with iiisett 
he will lia ve i-o searcb ^-vell to secure mucli insecl inateri-ah 

The reviijw c)f tht ordfni ibowh ■whitb fatnilj.es pne- 

domiuate in tbe Hawaiian latina, and uhich important -ones are 
entirely Ucking. 

Tli* HyiTien-optera are re-presenledl by ly or 

ibout a 8 per icent of the known families. Theie are 49B 
species, nearly haif of whicti are Acule-ates, and more llmn 
half are Parasitica. There are 53 1 native E^ees of the faniily 
I VpJicjpidae. The native waaps bclotag- t-q tlite e familits: Cra- 
tinnulae wiih 18 species: Pemphredonidae with 10 species: 
Fuirienulae with 104 species which chi-efly betcwig to tbe geniis 
Odyrerus. Manj species of the btter occur on the low- 
lanrls. They »aTI st ore Caterpillar? in their nests in the cavities 
of !ava nockii, buncr ludes in trccs F hurmws in the groutul and 
in nih^r situations Tlwy serve a very iiseful pyrpose in the 
reducLisn of leaf-roll-er caterpi lians, some of which ane of 
rrorwmic importance_ 

There is. but a single ant that ; ts considered endemic. 
Tlie other 20 species present in the low Ia neta are ali iitimi^raTits. 
and a few of them are [|uite a.7inoyiTig£ absint OUr hnllsp?, 
thuugh wt ane net yct tioubletl with the notorio iia Argrntine 
ani. 

Of fhc para^itic Hymenoptera, ItalhyEidat is a prtirmneist 
family wilh nearly sto specie*» itws-l of whkh are in the genti? 
Sienola. 3 There are a few species of Proctutrypidae. TheFe are 
53 Cynipitlrs hur none arc gall-makcrs; fh-c y ali bel^ng" to | 3 ic Figi- 
lidae whi-fih ar-c pAfa^ilk. Srinifc uf the farlliliei lif the ChalLiLlOulLM 
ha ve a few ipecies. the greater nuitiher falling in tli* fainily 
Encyrtidae of which (he genus Eupelmus ba^ 54 speciei. 
The IchneLimoilidae art chiefly Ophitniqnes with but 31 specite. 

n Tl^ iim b f4!i litie rivci aie kMscd on Ebc H Fauna Hawjnenfiis.'" 
A Epw k iKwivft ict ftnffl? «4 ilip flfdrfs lnve timeri flddefl iliiaCf. 

J FiiLL.uriy, sp«ics cf Sifrol^. Occ. Paptrs. t!. 1^. Ii. us-.„ vol. 

VFI, Xol f, 19J0. 
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Tlie Braccsiti:lac has one mti-ve species, but there are a g*icd 
numbfr of iniroditced. species, botb immigrant and thost pur- 
jxjselj' imroduced, 

Qde&ptera is mueh th* targest ordeT wilh 43 fami Ii es, 
or abH?wt half itie rnral Jiumbcr rcprtfcfiftttl and u-RS fipedies. 
Dl~ r Ptrksns ^Linsiclijra, IWmev^r, tHat ttai L re^l J [awman fa.uiJ 3 
of l>ecC.[ps represents on]y 17 of th^e faniLlics; ilic oili-er 36 
ktuilies btirg forei^n, and repfe&etvtfld by only 71 speei^*, 
or less than 3 spwief per fiinily, The important faauilies *trc; 

Cara! miae wtl 3 1 2CJ4. enilcioic fiptcics^ Sts-phyliii Ltlac iJ 5 ’ Histr r uLac 

34; Nitidultdae 136; Elatcrulat 76; Aiwbiida* 134; Cienda? vj; 
Praterhinidae 136 e (ilii* fwnLIj 1 is pecuLar 10 the Hawaiian 
islaiuls and ail the spteies are in the genus Proterhin-ua. One 

species, lio wc ver. is known frcnn Samua. and it may "bc thal 
Tiiocr will eventnally tiitn up outsjdc of HatraiL Thcy arc 
sinalt bark and dead wood beetlrs rdattd iht Aglytydtflda* 1 1 
Cnmiltonklae rji speci-cs; Ceranibycidae js; Coccinei fidae with 
5 er 3 tloubiful npecLfji 1 E <-□£-;* indat with ent endemic penus of 
7 species, occurriii£ only in a IhnitecJ arta on the higli platc.au 
of Kaiiii. The folkiwiiig important familia are ibsrni-: Ci- 
■cimcicliclae^ Biiprolida?. CJirysanwl Ldae. Scarabeidae and Bru- 
■ehidac- The j^reater nuniter of the endemic heetles are srtiall 
and obscure. The Carabicte are of fair site, but usuali v nor 
mueh mtt with *x«pt by s^arehing in speii&l pl&fe£. The 
native Ccrambycidae are ihe ones of greaiest atrraction. and 
afi of rrSpceFahie sizr. Thcy are considered prizes when eap- 
tnreti; for as tlieit are but a fcw spccics of them 011 each 
islsnd and as ea^h asioeiatefl w-ith parlicular tTees and 

atrack* them at a certa in slage ol injnry^ or decay, ttacy are 

SIOt often ihd wrth in 6rflm?ry collecting, 

O i the Lcpitloptrra 7fxt- speciei were neatly e-rpiaL!y 

divlded between the ifacrolepailopter^ and the Micr^lepid- 
optera. Of tliese, 92 p^r rent ueit conaideiwt Motbs 

|irt domi nate, the re beinfj bttL t-ftO native speciei of bntterflie^. 

On^ is tlie Kadieliamcha Imrtcrfly (V<mcssa tnrrtmrtirn) 

to the rei adinirat in the sia te s. The other \s onc of the 
n hlu*s bi iWfrirr^Jrk Ik>th s-pee[es wciit on ait thr 

i*lamis arid are u^nally to he seen 011 a rUys collecting trip 
in ihe mounlahis. They rarely come lo the ses Leve! F-i^ht 
other speciei of Imtterftics arc to i>e f>een ort rht kswla nds. t 
clllt L fly cninmcin Aniencari or cosn mpolit jn species. Thr 
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Sphingidae are worthy of iTbentkm avitii irmr native fornis of 
Celerio whteh show relalionsJiip to an American species: aii<l 
eme specie* -pf Tinostoina whose telationship is nm kriown h and 
of whidi but a stti^le specimen ha& be-en seeurert There are 

colTipruivcljf Fcw familicn of thf nuntiis. the -qhief tliem 

are: Caradrinidae wilh 34 species: HydrionietiKlae 17: 3el- 
l-doManidae Pyraustida^ jz ; G^lcthtidac 41; H yponotiicu- 
tida-e % 7 o[ Carposinadae 33: Toriricidae 45: Tineidie i$_ OF 
the Tl? emeTi ne-pre^e-med, 37 are tndemk antl 13 of tlieni 
tsetong w the IlypoJiomcntklae. The mo&t prominem of these 

^eifecra Is Hv|KJsmp^t>nla wifh 177 isp^ci^a QF J5 p^F CC^t pf 

ait the endensic Lepidoptrra, The se are fma]l motlu weth 
^reat variition of color paltcms, which rim in groiip* «f fi 
t* ia specie* of great uvnilarLiy. Their htwz* are Ln cwa. 
wually ro^ref1 wjth bits of lichen or moss, They oecur ajnoog 
rnCBieA and lichens on tr« triniki, fems. rock surfaces. and 
in huIUjw trigis, dead brandics, ctc. Thia giuup is vrorihv 
of a greal deal more study. Ii iis likeiy -th&l maiiy ittore 
species vili be found. a con&iderablc mitnber of iliusc now 
ImoivTi keiag descrihed on singlt specimus os. 

X en ruplpta En ihe hrpid *cri£e ha_H I ifi £pe£1e*. Tlic most 
important featuret of thia group are llie lacewin^flies (He- 

■llcrobiitbt) wiEh 51 li-aFsv-r sj^icu, r* tu] the fl.ies 

(AgriotQ with 26. Two species of antlion are known. Siteli 
a* TncheptEfa. FerlhLae, Ephemeridae, Manlispidae 
and Paaiorpidae are ^ntir^ly aWmi. 

Diptera ha? 135 endemic species occurri ng in tmi 10 
FamilEe^; M ycctophllirlae r Chimiuimirlajc. Limnwbiulae, D&liclio- 
podidae. Pij>i_ineuIidae H Sarcophagi <lae^ Amtmitiyiclae^ Tryjje ti¬ 
liae, Drosophilsdae and Asreidae. Such iinporiant fandi e?, a-i 
Culkidjtr, Tabanid-at:, Syrphnlac, A militiae, Mu^hl^c. I>e*:i3(lsic 
and Tachifiidae are conspicMons.lv absent Jrom the endetnte 
^au^i |1 thmigh irt the Cnlicidae we liave three forei^i] mos- 
cjnKoes which are sufficient to- make np for an y l^clc of nari ve 
■tperieK. The cictraordinary Jevetopnent ctf tlie Dro^pltilidae 
is tht rripsi sirrkfng fgatiire dijrteroiis faiena, there beins 

about 50 species knawn. atiH prob&hly sniny ranne will yet 

W foLjnci. M&st en^iemic Dipt^ra hmall | 3 i^ 

erane fli-e* anrj die Sarcopha^idao }:-eihg (Ile mmt cmi^picu- 
<jus in 
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Hemiptera has 238 endemic species (which number has 
beeii considerably increascd since the publication of ‘‘Fauna 
Hawaiiensis") divided nearly equally between the Heteroptera 
with 110 species anet the Homoptera with 128* These figures 
wilt be greatly incrcased by further work in these groups, 
Most prominent families of the Heteroptera are Miridae, 
Xabidae and Myodocludae, Six other families have hut a 
few species. In the Homoptera the important families are 
Delphacidae, Cixiidae. Tetdgouiidae and Psyllidae. These 
are mostly leafhoppers and treehoppers, being largdy tree 
inhabitant* instead of living in grass or berbage, and are in 
the main attached to particula r trees. Of late years they 
have recetved a good deal of atention and study by most of 
the locat entomologists. The scale insects and plant-lice have 
manv immigrant fornis present in the islands, but there are 
a few mealybugs which appear to be native. 

Orthoptera has verv few endemic species. Of the 83 species 
known only about half are endemic. There are 110 stick insecta 
or mantids except two introduced species of the latter; no true 
grasshoppers exccpt two foreign ones; of the several roaches 
and earwigs, there is possibly one of cach which is native; the 
Locustidae lias 9 native species, and there are 35 crickets. They 
are mostly small crickets of the genus Paratrigonidium. but sev¬ 
erat species are verv elongate and belong to an endemic family. 
PrognatliogrylUdae. They are the most interesting part of the 
1 Jawaiian Orthoptera. being flightless, with very elongate anten¬ 
nae. are nocturnal in habits. concealing themselves in the daytime 
heneaMi bark. in holes in decaved wood, or in hollow stems. 
One nmst be qitiek to capture tbem when they escape on being 
disturhed. 

\ peculiar feature in some orders is the presetice of certain 
families represented by a single species, or 2 or 3 species ai the 
most, These are considered to be of more recent arrival than 
thnsc families with niany species, especialty those with endemic 
genera liaving manv species, which would be considered as hav- 
ing developed from ancestors that arrived at a mucli more 
remote time, 

Flightlessness is quite prominent in some of the orders. A 
great many of the species of Carahidae are flightless. These at! 
have the clvtra fully developed, but have only vestigia! wings. A 
good manv in tlic Homoptera and Heteroptera are also flight- 
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lewi. an are a few species of parasitk Hynienoptera,. Diplen, am:l 
licriifcrphiidsLe of die Neuroptera. 

Sinee the time of ihe eoIEecting for and the puMicatiore of 
the thctt fias been ng wrking e>«iu- 

sLvely on the native irmett fiuna„ but ali Ehe entomolngfistfl of the 
severa I institutione hcir^ worlqri^ cJiS^Ay nn lin^e i?f ccanomk 
cn'omoio^y, Nave been mterested in advancing the knowledge oi 
thc naijve inaret founa, Thrae endptiwloipsts have been as*D- 
eiatefi in an oTgauizatinn kniiwn a* the Hawauan Rnfrmoln^ica! 
Societ V h ythich hciUls mOnthly m^^tiugs for Lhc pre spn^atinn O i 
papcrs and the di sc nasion of entmi&logteal abjecta. TliLs socie ty 
ha* b^n in ejctatc^^ sinw 1905 wirh a metnber&bip of ao to 
ineltiiling- profesjvLnnal rnlomdoib^ts. and olhers intercsted in the 
subj«t. The printcd “Procecdinga*' qI ttic Societ y has anuruntcrt 
to 1479 paqes. It includes quite a number of deacriplious of rew 
sp^rkF discpv-ercd and dwcribcd by various TPembers-, 

Much ifitcrest is takco l>y ihe loca! «Titomolopist-s in «lie 
rtlation that the liaivaiian. insett fa-ima Tn*y have to thait of 
olher Pacific island groups* wtien the 3 aiter ha ve beer 3^ thor- 
cniRtily sludied, and sm-riipari&ons can be made with Ehem, and in 
[Tic bearim^ that this may bave on the solution of such problems 
as- the origin of the Hawaaian itisect fauna. also the flora, and 
the o rigui of the HawaSian group itself—-wJiether par e pf a suh- 
merRed continent nr of independent origjn, disciission of which 
theories I will riot en ter mfio herc. 

A “word a* to fau&rable or accessibk ohee* for colkcting the 
nutari !c insctls, Near Hnnolulii. thc mnfit d esi rabie places arc 
A ]ie trac]* (4 Mt. OlyiVifvrife And Ml. Konahoarttii (peiks nf ^ 5 ^ 
a mi f^et deva t ion respecLivd} 1 ) in the Koolau Ratigt ab^ut 

milee taick of the city. More femote re^ions acces^ible by 
trails arc Waiaholc* Kaliana, Fisnaluu and Wahiav^a oi ihe Kw 

lau Ran^c, p.nd Mt P Kiala (4000 f-c?t cleVAtiOdi^ in the Waiktlir 

Raiigc. The beat collecEing in f-ound at sooo fcel elevation and 
atove. An tnimFqrant ant (PhfiJ&hr mtgtHPphaln) ha* pla.yed 
liavng with thc native inacte fagina of the lower re^ions. and um 
rinm*t ^ct wcll ltS Yitit s>f ■iilv^inic. It 15 -fjryhahlc [liat 

nf the ciKltmic species liave been exterminated by this ant. 

On Kauai, the re^ion ahove the Waimca Canyon and tbc 
high platea» is penetraied b y mimgrous crails. On Miui, tlie 
hest colleetbig 1 1* on tbc iippet alopes of Haleakala, an extinct 
voleaiw of i0,000 feet e levat ion ; also tbe i tmer part of the veinA- 
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ward forest which \$ penetrated with great irrigatiort ditcht>. 
The most favorable collecting place of ali is on Hawaii in tlie 
region of the actve volcano, Kilauea, at an elevation of 4000 
fect. Here within easy distance are varying conditions from 
extreme rlescrt, to very rainy feni forests. More collecting lia? 
been done bere than at any other one place in the islaiid*, with 
the possibte exception of the immediate vicinity of Honolulu. 
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It t£ i Liittiri Lify m i.lt.T,l ltil^ with E l=n* :ai| an lngeets t-Q dish^- 
Lfitidi bctwecrt tndemk and nun-riidrcnk fornis, but tlicir is 
r-e-aI1_v fio hatvt and fast line hetween tlie Lwo; it cdlen trfcoines 
■iillitu It to deride whether an insect iti h-arid should br inrfuded 

in -onc catc^ry. or the other h and the ™orker r s jud^ment is ta^ced 
t-.- rcada a. HAti^factQrv tcincluisign, It appc^r^ to mi: ttiRt a more 

propef wOuld hc be^wc-cm ea-dy and laic nttiHigf iiiH! 

bul our knowlerige of immigrant* acept iti a castml wiy goes, 
ksck only a very short time, and other crileria than collector* 1 
recorda ^n: generali/ «sed io detennine the insecfs status with 

figirtl tcj endccnicily. It 15 patent. Iwwever, on very Iiimtcd 
acquaiti tante tfith the fausis, that the tritkmk in^ccts, or thoie 
^vcalled. play a very smalt part tn tlic econom-ic lifc of the o>itn- 
try: rhat the imsccts of economic iiriportance are atniose entirely 
fate immi^ranis. inscets that fiave appeaTed on rhe scere wliile 
s_he agriculturaE and rtlateri indn^tiics of rhe cniintry were licing- 
butlt iip. As this development progressed, tHc endemic atisedX 
dependent for the most part on the endemic vegetation. have 
rpceded with il to the mone inaccessi ble places*. and the field thev 
havt vacat cd the immigrant* iiavc nccupicd. 

A bnsiTlrss nia.fi in Konolulta wjk oilCe lieard to- temarlr 
apropos- of the adveni of sanae new inseci pest 4-1 Yes. and ali 
that liaven"( goL here yei are on Lhc way™ This -was ineant io 
he faretioii!; but it States- an actual fact and one of e nea t irraport- 
ance to us r II the in^ect* we ha ve to deni with ane practic&lly 
all imrni^rsnti itid more ane comhi^ ali the time, it wouhl 
appear that onr most important and rriost pressing 1 prohlcm is 
to find the meana to ward thern off. 

If w( Had not the ^^eat barrier of ocesn wrhich surroiirtls 
Ui it mi^hl hc irt|jc]rtint to study the means of mscct migtatiutl 
more tfian tvc ha ve done and develop counter mcasurirs \ bnt 
vhile soriie species present lisre can be accounted for by suppos- 
ing tbey have xised the natura t means of transportationi siw:h as 
flighL drift, ett. F it i& aJrnO&t «rtain that Ehe bulk of onr cco- 
nomic species have come oti the sliips which enter our ptjrts in 
the pursuit of crommerce, and to prevent the en t rance of the se 
invaders we have cnir horticultural qiiarsntine. It sseems to me, 
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however, we do not grenerally realize the eommanding import- 
ance of this work,—our first line of defence against insect pests, 
The prosperity of the country dernands that it should be tight- 
ened to the fuilest extent possible by prohihitions, closer inspec* 
tion and. if necessary, the maintenance of quarantine grounds 
for plants. The trend of the practice today is in this direction 
and has every reason bebind it when it is considered to what an 
extent shipping has increased here, bow much greater use is 
being made of our wharves. the development of new lines of 
trave! since the war, etc,, etc. It seems to me also that money 
might be profitably spent investigating the insect pests of the 
lamis whence most of our travel comes for the purpose of pre- 
paring a defense in anticipation of their invasion. 

I am particularly insistent upon this point in view of our 
experience with insects that have becn anticipated and have 
eventually gained access to the islands. Their behavior is such 
that ordinary measures of repression and control are usually 
fruitless. The reasons for this can be stated in a way, A 
highly favorable climate and the absence of the usual restraints 
permit almost continuous breeding which results in an excessive 
multiplication of iudividuals. A rapid dis seminat ion folio ws which 
can not be checkpd before the pest has occupied uncultivated, 
rocky, mountainous or otherwise inaccessible areas. The failure 
of artificial methods of insect control to give results here, and 
their general unpopularity I attribute niainly to this peculiar 
behavior of our immigrant insect fauna. Methods requiri ng 
incessant applicatiori of expensi ve measures and failing to give 
desired results are almost certain to be unpopular. There is no 
douht that the great dependence placed on natural control of 
insect pests in these islands has come about through the success 
of this method and failure of artificial methods. Experience has 
shown that it is the method adapted to our needs and to our 
condi tion s. This method involves the searching out and intro- 
duction of the parasites and predators on our destructive immi¬ 
grant species in the lands from which they have come, Parasit- 
ism and prcdation among insects is a very commoti phenotnenon 
which even the layman today is acquainted with and the check 
which this parasitism exerts on the multiplication of insects is 
also well known. It should be pointed out here that the same 
circumstances which prevent the migration of injurious insects 
to our isolated islands also prevent beneficial insects from reach- 
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ing us. Likewise the sanie causes wbich lead to the rapid spread 
and excessi ve multi plicat ion of injuriou$ introductions. operate 
equally on the beneficia! ones that prey upon them. The absence 
of severe competilion wbich immigrants enjoy is also balanced by 
the freedom from the possibility of byperparasitism, If tbe appli- 
cation of this method to the subjugation of an insect pest does 
not resuit in a full and complete control of tbe pest it at least 
brings its multi plicat ion w it hin such bounds that artificial meth- 
ods can be tised with some degree of satisfaction. The main 
defect of the method from a practical standpoint is its limited 
application. 
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WHAT HORTICULTLRAL PLAXT QU ARANTI NE HAS 
DONE AXD CA\ r DO FOR HAIVAII 

By Eow.vsr» M. Ehxhpkn 

In the early eighries of the i-cjth camury the State of Cali- 
fornia accorilpliatiert a grcat work-—tfie «(&hiement of a Htir- 

hcyltiiral PCani Quafari titfc- At tfiat tinic thc: fruit rnduKiry 

Caiifomia YTdi i growiil.g 1 in Lttuitils and tw(r ScriouH ptfte, lElr Siti 

5£alt and Fliitftd ar Cattony CdihS^n stalt appeared Ln 
sticli enomtous numbers as lo thrcaten thc deciducus f ruit a* 
well as the citrus irdui-try. Both of thcse -insecte were of fof- 
eign flrigin, The Corwnisaioners of Horticultiine and thc frux 
grawtrs ncalwcd thc n fbsu to prevent other sfvnilar pc^t? froiv. 
bdtlg intnLxIucrrt tim focxi-gii ]ilant shijtm^nts somplhiiig must br 
dont and done ^liicIiIy. Stringent taws wert therefore enacieil 
ivlikh tnaile? -possible ihe contrai and super vi sion of ait horti- 
■cn Itura I impartatinns, .And ii was vuell tbat Cata for nia elkt pass 
these laws for tlup reconSs of che Hortieultural BoArd sbniv thai 
many dlrtgtrouis petts. were (ound on sliipTi-icihls of planta frena 

a!] -partii of the world uriiich would no doubt have becorne estate 
lished in Ehe State but For thrir 5ti~ict examinat ion and destrue- 
tiofl at the port of entry. 

Sirce iQ04 thc Tcrritory of Jlawaii has followerl the good 
-example of <ts coast neighbur and thiou^h stritsgfeut law* lias 
[jrcv-cntccl imity dangcroii* instet pests and piant iliscases frortii 
gaining a fftotholri in ibe&e i&laaitls. 

Mo&t o-f thc iiijnnOiis ilhAcft pc£t£ ttow l^iuul irt Hi-wiii 

affecLiug tlie varients field and gaidcii crops aEid othtr piatus a? 
well as stored producte are of forcign origin. Barring a few 
cosmopotitan species, these pesta ha ve Sit en iritTuduceri fnsni 
c6amtnea sun^nindiTip nr sifuated in ihe Pacific Octflfl, Thtf 
suitic may lic sai-tl of thc maiilianti of tlie United States: thicre^ 
homrver p ve aiso fmd pesls frotu countries borderin^ on thc 
Atlantic Octun. 

Tlie Comm]«>i -AglictlUtlrc aTid Porestry in 
fnlly rrAl[ziiij^ tlic itnparlaiicc nf absolute control and tcnowing 
of tli-e existetice of <Ean^erons pests siteh as fruiL flies and canr 
intects prohibited tlie importition of ali frnits and sugar cane 
froin th^ East nr Wc^t A*ib. Aiistrllasii, OctAfliCi» 

Malayia. Mextco. Cctitra! and South America 

I 1 H 0 ] 
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When we consider the tn-cjrtnuus armv f destructive pests 
*catteTed ali through the lands o( ihe Pacific Ocean only waiting 
a changq gain aJmiiis-i-Dr he^e, Hawaii nay weil be consideret 
fortunate in having m> fcw LnwT pesti aiiacking ita most import¬ 
ant crop—sugar cane. Fvam a ncenrrl of the United States Dc- 
pa Timent of Agriculture “A Mariuat of Dangermis Illitas iikely 
io be Introduced in the United States Thrmigh IvnpQrtations' 1 we 
fimi that sugar cane in.nects aloue noi at present knowri here in 

thcse iR-lartls run into h-unclreds of species, Of iht well-kuoivn 
pesti. ttiere are io species recmrdeil finim java n Tndia P Formosa, 
and a.iLj acent t-errhory. represerttex! by Red S-piders p Proghflppp^. 
Tenebr inniti** Scarabeid k Bu prestids* Cb ry s omeLuEs, i h yr al ids. 
and Tortricid^r Among QtlieT inipnrtant sitiar cane j>esLi of 
lecord. rien ibonoiighEy rtudicd as ro their spread habita, ani 

Ursi metiEnti syn b^Ipnj^LTijj Jn fhe Ufljridoplemi 

u> Coleopte»* 50 Lo Jasaida auil Fulgor it] A, 21 to Coccirlae. 
si oiher Mcmioptera, zy Locustidae and 7 Grytlid^e. 

OtLr seconi imprareant praducfe—the ptiieapple—ia. atrtickeel by 
only two scaEe jn^cts which m-ijfht be cpnf jfflered trOtlhksOfTK, 
rspwiiLly if clea.ii culture mcthodsi are n-veTlonkci!. Thii is irldeci 
very fortusnatc it m e gtance ov?t tlie Long Ii st of tliat 

remain outsirie of our country. In the Pacific lauda there are a 
number serias pe^ts ofth* pi-neapple amo-ng v^fiich a frnit fly. 

jTiufJtfldfj Fijt woultl pro ve very destructive ii it ivere 
ever entrudcted. 

f coiild go -ni! iculefiEiitely, takin^ up die citrus, niAtijja, av«- 
cado. coc-omit, fig^ fore st trees generally. gardcn crop* and foragc 
crops- and fiam reeords at har<l shcw thai erach one has inany 
injuricus pcsts ivhich 1iav«e npt gaiflcd -cntry hctc. 

We are again fortunate since tlie quarantiue rule* of the 
Feileral Horticultural Board of the Uni'ed States Dppartmem rn 
\grkukure havc becn cnfarced, ior uti<ler iliese re^ilations 
vciy fcw piatits cari bc imponed inio tlie United States and iis 

cerrtlorie^. 

Sinc-e the orpamz&licni of tlie Federal llortitnltnral Ooard 

nuidi lime and stutly lias liecn clevcitoxl to acuite beUet knovvl- 
ctlgf of the clangemus pcatiof agricultnre in tI ie? cmiritries whcre 
these pe^its are known to esist and it lias hccn po,ssihie at 
hind to study and neposrt their bearin^ cin the future ^iiccp^s of 
piant qiLarantiric, In Elim^ii tlhe of A i culture and For- 

etiry and the Hawaiian Sugar Planiem" A<soci^tion hawe sent 


Digitized by LjOOQlC 


Origine I fro-rn 

HARVARD UNIVERSITY 



132 


Pan-Pacific S-ci^imVi^jc Cqne^henc£ 


«tomologists and piant patholqgi.iti to tht various countries in 
the Pacific in se-anch of enemies of our mo&t destructive pss-ti. 
and the5c men liavc not onjy acaroplirtied \h&\ wbi^h they soughi 
lo aocomp-lish, "but ha.d a. gn^at pppott-unity {-u a iew 

of tho&e pests whicJi it is absolntdy nec-es&ary to k.wp ont of 
Ha^ail H&wwrt r T we need more urch work^. we have ju*t 
tDuciiec! the border. The more we Imow about (he jwsts injirri- 
ous to our crops Lhc Ictiw nff we ?ihgl] bc, and w~e ^htfuld 
continue ne&e&rch on this probleivi aud ylu>uM crdtav&r to ^tab- 
lisli thfl wrdiil codpe^tion wiih -our fel io^-workcrs of the 
ecnintries of iht Pacific. 
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CLXTIVATED PLAKTS OF mLYNEglA AND THEIK 
VEFKACULAR NAMES, aM INbEX TO THE ORIGIH 
AND MIGRATION OF THE POLYNESIAMS 

Bt WlL-LEAM £_ SaFFCiKD 

Enoncous theorie* reliiing to the ptiysical geography -oi 
the Pacific Ocean and ihi ofiglri af the Polynegians havt bccn 
fHrq-ffiiiaKci by recent popular writers L Same of these a? 5 rrt 
that the Pa^ihc islands arc tK-e vestias of an ancient conii- 
fcltnt which *ank liene ,ith the vraws Icaving cjnLy tJic pGaks uf 
th* haght^t m^untairs ab&vt ihc itiflACc. TV nitives of fli*6c 
islands have been -divud#d imo severa! ethnologicaj groups, one 
aF -whi-ch. the true Poly nes-ians, includes the ffawaiians-, the 
Mitris of Ncvr Zealand, the &amc?ans-, Tor^wis, Rarotongansp 
M^fijucsans, eihI Ea.ntrr I sl:3.n ilcti, the lant nimee! lnhatutatm^’ 
a amati volcauic i alet ai t he south east CKtreraty ol Ptilynesia* 
satuated in longi*ude ea st of the meridiari of SaJt Lake City. 
AjnGng- ihc ab&nrd theories a bove referre-d \t} ts one which bokls 
iKat -tluc Polynesains ifc of Caucafiian ongiti; irio-ther KiJltfi 

that Eaitcr Isi and was famttrly inhabitet! hy some mysteri- 
om race distinet froin the Polynesians and s-uggests a Mela- 
Eicsiian strain in the natives: wbite ore wriler aperta a orn- 
flritum bctwcen the JTihabitants of the Peruvi^D Aiid#s irtJ 
the authurs of the cnrious instribed woatien talilels fontid on 
ihe islands, ■wliich Ihe pretend? to declpher. 

In attcmpting to rrace the origin of Ihe Polynes-ians one 
Of th^ imost ccrta.iT! guirles is tlrc stlidy of their economie planta 
tnpether with. the vematular tiam.es applLrsl to thrui in the 
various islaiid ^roups. Sonrie o( the&e planis are important 
f-rand &tapks ; orher& are u&ed for making in toxicati drinlra; 

6t!srrF fpr cordage or textile pur^oses- or as a source of dye£ 
flr pE^rnents. The rarge of some species is restricteil to the 
more tropical islands while others oceur throughotLt P&lyncsia. 
I shall first &peak of the Bpeties which have found their way 

acrCuis. Pnlyncsra, Kastcr Islaiid, which frrsiri an clhnological 

pcim of vsew is f^rlmps the most inleresting islaiirl of the 
Pacific Oeean, A-mong the planis intrcduced into this island 
in pmhiBtork simes, arp a number ivhnsfl vemacuEar names 
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a.re Ldentical with thc ftfttut or siniilar spceits in Hawa.iL Man\ 
af lliem may be tcaced to tlie Malay Archipelago h the CTadh: 
of the Folynesiara race, FoUowiii£ is a list of the most ins- 
portant cconflmEq planas of the EfiSttT IuLacarlcrs tQgtthcr “ivitl 
tlieir botanical namta: taro (Cetacusm antiquer u*u), calleri Itate 
\»y the Ha^wdifiEiBp iti who« latignago the t of Southern Poly- 
nesb becomes k r tlie r becorme£ L and the primitive t h i nili- 
cated onlv by a break bfltween vq-wcIs; s*r kapi (Jivfti *nt 

indico), the ^iani acri<f laro Cllled 'd^r, or 'rr/u. by tht Ua- 
waiians ; it>a (Sucriinrujit o^Sciriarnitt^, SUgar cane, calleri fre lij' 

the HaTvaiiatis; nirifca (jlfwfu paradr&\Qta ) h the bannna. caifel 
atai'a by the Hawaiians: ii (Cordytine terminalis'} r the well- 
known K of ilie liaivaiians, M'ho niake From its rnot 301 inloxi- 

cating- diink ; «fremi ((Paprrfa^M-T the Jacife pr /ti iffwla «d 

the Hawaiiatis; jOice (TWfei JrrJrrflfiJStfu), Ehe Polyiiesiari arrou'- 
m*>t p whkh ta ca.lled by lhe samt najne in Hauaii; it hi 
rea dkrro)* a yam wln*e vernacular name is iclentical viih tIk 

SsLnwan wfl, the N r ew j^cala-nd tbe Msidagasran obi and iJm 
M alflyan ubi. aj&pliEil tu the unie an {E kinrireri ^|jecies; r as wcll 
as with the H a saliari rJrj' which is applied to the yainJike nrx>t 
of a species of Smilax; htu? {Cucurbita fognuirtov) a guunl. Ilie 
Fruit of wfiieh, calleri h for waUr-buttkR or ffi£»|- 

ccjsitainen;. also calleri /riir and ipu hy Elie Ifeiuiijm ; nwM 
tBr&HSjanclia ptipyrifrn) f n the j^aj^r imilh^rry ■u-liidi «ilir 

Polynesiinfl make tlieir tapa clkitlu eall^il aut? by ihe Tahiiiaii^ 
^nd Sew 7eala.nders and or aajfAr !>>• the tlawaiians 

The very nante a[]iphctt to Ha^ter Islam! itself. Te Tito fl U 
ffr^tia h is etyiTOl-pgicaUy i-dentieal witli ihe Hawaiian Ka F^ 1 
o Ita Watiwa; aiul just at in Hawaii lantS ik c^lletl /j i>Mand or 
"ithifl, ro in Enster IsDand Lt is hnim or tafjijfa,- lht I lawaiifl" 
irin and lui\ iu nuhrfrd {laudvtarth Am\ itiakaa (scau-srdi are 
itlcotkal with tEir Kastcr jifn a ori i. The HairVjiiiPi 

(no) bicomes tfljtore; and latri ftnave«) Lccomes 
a/nftfl (love) beconie-s ffrofta and 'oir (yotil btccuncs *dr 
1 inflnlRflivce fer llais- digreuien. I cuuld mil 

frajn fircin ]wintin^ ent the rcisltoiiship bttwecii th c Esh<^ r 
E^laiuiers. ^ncE tlie 1 Eauaiian^, v^rv rtseillhlanre 

belween tlieiT langua^es it remarkaPjie in vicw of the eiuimini^ 
disterKe which them, I c^uEri ges farther, iu i^ - 

wntirsg Eo you tlipir rertiatkably paTallel caleiniafs ur 
oi dividing tlie lunar mont]i r tlie jcjcntity of theit divinaEiei^ 
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thcir s v^tctTia b oi ta!™>,. et*:., Lrut I wl]\ refrain, I nin.Ht, ]iOw- 

ever fc say here that [here is nn indicaturi either on Easler 
Tsland or Ln Hawail that tfcie prcseiiL Inhabitant* were pre¬ 
ce dei by pwpl* of a nce distinet from the Folyne&iani. 
Easter Islam] is- bo far removed from the (eq_nator that eer~ 
iain Staples cf the mure tmpacal isUnds of the Pacific wi]l 
noi gtww th^rc. TEic rnust important of t1ie$c are the coconut 
anet the breailfnitt, ho ih of whirii are Astalic planis which 
acconipanied the Polynesiairs in theEr migrat i-ons,. and ha ve been 
€^tahlishprl in ali clima te& which will pennit tliein lo live. 

Annthcr im|H]rtan 2 r Folyncsi&n pUtit cotispicunu b for iis ab¬ 
sente in Eastet Islanri and Xew Zeaiand is the narcDtit hivn 
or jtlU (Piper methystinrm }. the roots of whicli are ns^tl ior 
■preparirtfr an inlftxLcitinE drinfc, 

Tlic coconut (Cflrffj tiutifrra) now ?o widely sprearl in 
the (rapies, i * callc-d mu thrcui^hout Po]ync&i3 P a name easily 
idertified with m"ifj or rjro^ oi tJuarn smd the Fhjiipptnc 
l^hin rls, and wit h rtiflf Or Ffivor of certam iS laricis of the ^lalav 
Archiprlago. Prerolnnibian writcrs H including Marco Fdli. 
referred to this friiit as tlie -Nu.r indita and calleri attentiou to 
it as an important wiuire -of oil. There jj no eridenoe tlutf 

it reacheri America heforc the DisCOvcry, [ iw buovaiLt Em^k s 
rcmlcr iis traai^portatIon by aetati currcTils puisible yct in most 
cases ii lias undciuhtedly heen spread throuj^h humari a^eney. 

Ranaras and the acedleis breadfruit were carried fmm 
i?laud to lF-land in tfoe ferm "f spreutts- or *ucker£> and sng^r- 
cane in cutting?;. The i denti ly at tlie- Hawaiian nanie^ of 
tltrsc plants with [iicti* of suuthem P-olytiesia is niost si^niti¬ 
tant. They are ail found tn Guam and ilie Piiilipptnes, and 
risu st liave come from tlic Malay Archipolaeo. On the other 
hanc! the pa^r-rmilber^ ir pnvhahly ^>f Japane^ ori^in: shc 
tmpji nidr(c from jt!^ iimcr Ijark L: : in rcality 3 cwarsv pajjrr. 
The ?z' piant and th« or pepper, w^re in all probabih 
ity encountered by the- Polyiwsians af:er they had entcB-e^i 
(lie Pacific. The Maoris of \'ew Zealand have ccnain Ictrcrd-; 
coTiKtcd Tvatft the fi, 

Sevcral of |hc uw&C tntl^piCutniB trec^ of Hgivan nftiiV 

jTi-QM"ing ^puntaneoualy were urdoubltdly irttroduced in j>re^ 
histi>ric times. Among them are the kakuL or canHEe^rut 
[Mintritis rtiftfiffctnifO which alvefs thg momltAins I13.dc of 

IEotioIliIie lEkc fialc ^reem: tapesLry i the kau I^CorJja sn hcOrdaJa ) 
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from wtiich Lbe andent HawaiUris made tome of their nwst 
beiuliful poi-conta iners; Ilie vhia (Eugtnia maiatcm&is)* thr 
fniit of whieh ia edible: the milo {TArr^Mta populnen), also the 
aoiirce of a beeiutiful wooi from whfch 4, caifcba5he& hh wcre 
formerly made; the fcma?M p or £onuMti (C4f<?^vWuw ihp- 
which yiekls an atir j^utu ; and th-cs Api* (//ffruciM 
/tJW^itf) d fh* SGtLi^e *f ili i-mpOrta-Ht b i At fifef*, AI3 fil 
ttees occur in Asia, somr of them are ncw of world-wide dis¬ 
tributiori. The origin of the kiEkui ia indicated by ita s-pccific 
narae nwiuwam, The riaine "kukiii” is derivrd fiwi The faci 
that ita oily nuts are "ifrw.fr jflVrF/' or sl^ung- togtthcr to form 
candics; io Siinoa it is salici the iawu, or loreh tree. The 
Haivatiiti tiarne bn is identiut with the Satnoan fow. applieri 
to the saine species of Cordia ; the nari-e mtfo is ■widely spreacJ; 
an Easter Islatid it is applicd to a leg-urmnows shrub in the 
forni cf fcrrci-uBiro; and siroilarly hau, th-c natne of ffibisnu 
fthateus is applUd to a disti.net s-pecies of the anatlo-w Family 
fiom the bark of ‘wliicli a textile fibre is preparccL The varia¬ 
tioris in this narae are most interestin^; m Saxnnsi it becrant* 
/ou H and is applied also to certain Urticateom plants yiclding 
fihrc; m Guam it becomea pAfidj and in the Philippines bag&j, 
or balibtigo r The hatidHome glossydeaved tamonm, cilled ta- 
waftJi in Southern Polynesia. is idemihed with the “Alexan¬ 
drine Caurel 31 of India, 

Frcm the evidence here offered it is ctrtain that the 
priiidffti cecni^mk pianti of tta* Polynciiaiis are ffont Asia., 
whence they accompanied the FolynCflktis or thdr tnigrations. 
Corrobora ting this cvidstiee ty that of -comparative phtlok>^y, 
whieli sIiowb that ncariy alii tlie primitive -words, or Tiames 
of natura] objecta in tI it Potyntsian tLi&lects cati bc tr^ced 
ia ih± Malayan ardiipelaga. we caii share *wLth confrdence 
the belief of the Eev. Geor^e Prati, who dcTOtgd ^orty yeare 
to the study of the PWynesians and theif Jang-ua^e- Accordin^ 
to th(4 disling-uishetl Rch»]ar (h^ Pcdyuesians mu st h&Ye mi~ 
gfattd befere the primitive Malay lan^uagc betyrric ccw- 
ntpted by the inundati on of the Arabie and by the intro duc- 
tion -of Sanserit wwds fnom Iitdia. Just as the Arabie became 
suiltTLcd by Malay influent* hc su^gsr^ p the Malay l*n- 
g=uage may ha ve fccen hardtfted by Arabie -irifluence, ebingiiig 
snch words a& the primitive Imgi (akyl to ihe moderu Malay- 
ail tfrngit; ik& (finh l to a Aaii; mg {rairt) tx? ujvn;jt[a froadl,, to 
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jalati; afit (fire) to api. Whether or not the Folynesian dia- 
lects were derivcd from the Proto-Malayan, it is quite certain 
that these languages had a common origin, and it is very 
probable that the ancestors o! the Potynesians were closely 
related to those of the brown people now inhabiting the Mo- 
luceas and Celebes, whom they resemble in both physica! 
Appcarance and in ianguage. 
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NEW ZEALAND '5 CALL TO THE BOTAXIST 
By Charles Ciiiltov 

Xtrw Zcaland lies in tlic South Pacific Ocean, separa ted 
froni Australia by the deep Tasman Sea abaut i zoo miles 
nide. The two lar^e lXlands, rwrth and soutEi., exlerd ftfim 
aboui ]nt- 35°S t-o 46*6^3, tbe inaiTi axis of land bemg about 
1000 miles m Hength. 

In addition io the two lar^e is.Iands H ai>d ilK>&e «hat -are 
immedtatdy adjacent tu rhem,. there are numerous othtr aur- 
Ijing i^!an-d^ intludcd in the blogtogTOplile&l region of Xtw 
Zealand as deducti by Hulton iti the Index Patinae A’ova e 
Zealandiae. Tliese indLtde tlie Kermarlec Islanfls. to the twteIi, 
the Chartlam I&l and5 to the cast and the Antipodes, Ftnmity, 
r^arcl Antkland and Campbell [slaTid.fi Lo the somthtast- Mac- 
(jiiaric Islarni stili fttrtlier sotilh is mcluded in the arca de- 
fined by "HLitton and 15 certam ly more nes.rly rdated biological* 
ly to Kew Zealantl than to any crthrr large arta of land, though 
it* fatma and flora ha ve a decidedly Antarctic aspect; and j» 
1 ititaIIy it Es under tlie eontrnt of T-asuimia. The Coele Islarids 

and the Sanman Islan^ th&t pncvitiusly bcbiige<l t q Gennany 

are now under the jurudiettoo of New Zealand and their 
poasession empJiafd*e& Neiv ZealancTs eonneelbn with the 
Pacific and with lli-c srieniiftc problcuts cOUrtectCd with fhat 

oeciis. 

The eaast line of New ZoaUnd is greatly indented and 
irrutilat; and in canae que irce it of great leugih compared with 
tlw encl&sed land .area. Within comparatively short di-stances 
ii sliows greal varie ty <i£ nnchy cliffs, sanrly bcatlic*. woodcd 
^liores, tidal liiys and niud flaft Tlie l&n<l iurfact extende 
froni «a le^ri to nmintains reacliing to a hdght of ia.wp 
fect and i ncIndes extciisiv* plains. snmc presentin^ iea ture* 
of deeris» olhcrt rioli Mtll-watered IanrU^ jiwainp-s, rjvctti and 
1 -arge fre^h watep Ia Ices. Conseciuently the v^geiaiL™ varies 
e^ewdinjjly -a^d ^re^ter-diveralty than caii he met with 

111 any other portitm of ciit pdolic of iimilar are a. Much of 
the ^nrface iis veijetatioii lr±\i ltccn grratly alteret by 

eivilizat-hvn and culti vatio», biit «1 tlie rtVHUiUiM and in the 
^reat val 1 fiya H especially <m the wc&t coa&t of the South Is-Land. 
the native fcrest rernains untodehed and the indi^enoa* 

flora unchang^c! anet n?ver hkelv to be entircly destroved, 

[ 188 ) 
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OlitC>ii]_|^ i^lAiuk near flie CCitlst Uave been sct asidc as animal 
and piant sanctuariis. Thfy hav? lir^n ^p^r^t^ly sflfCt^l riu 
as rn 1>e suitable for as itiany {liberent biruU of animali and 
plints a> poesibk. These ?anc£uari-es are Little Par ner I?lard, 
yff [Ire cuant of Aucklaud, Kapiti Islaud near Cook 5 ;rait. 
and ftcadEntiun Idavid oft the s^nithof Otap<? r In adcPtio** 
to these tbere are large n&tkm] park^ arauncl sonie of the 
mnnUinfr and -atong tfie coLirsts of *onie oi ihe rivtrs H wbere 
a ii att-empt js aC® bein^ Tnade t* p re serve the indigmo-us flora, 

Vhq rainf^ll *is a «Mf » abundant, bllt &tlW5 variety 

in different paris. For es ample in the Canterlsury Fla.ins near 
ChrmtfUirch it is abrcut £5 ;nch^ |ier annum otily p whilc a; 
OfctfA, «n the wc*fe rifi Stipes of ihc SoditlfcPti Alpi, Otlly 8o 
miles inv av in a da ree l line, it may te 190 Lucius?. So varici 
are the conditions fnr pLant grerarth that Dr. Cwkayn* in en- 
deavorirog to divide the aiea bolanicalLy liad to establisli no 
Ir&n than fiftecn botiltfical regions, 

The fiowerinE plants and fami ha ve already heen prerty 
carefttliy snrveyed and dealt with froni a aysleimtie poim of 
view, and unost of the species =are probably already Itncwn, 
lhough sume aiidiriotial tmes duitblless remain to te disco vere d 
and the relationships of tbose alresdy named require much 
furllier investigation. In the lavet piants. lite ihe aCgae and 
Futi^L tlie field is imich inore unessplored. The retat io 11 sh i p ot 
the New Zealand planta ro thow on the i itanda to thr south 

of Xew Zealsnd and nn. otlier siiharfctarctic i 5. 1 and 5 hgs liecii 
rhes.it with Koinmv"hat ftilly by varicius investigatore, bitt it t.vall 
be n«c$*ary lo krfcow rtmch more aecwrately tlvcir dktrib-utjon 
on these islands and their affinity to the loimer piant covprinj: 
<sf the Arctaret ic Ccmtinent, hefooe Fin&l coruchisions csn be 
artived at- Similarly as negarcls the jdatits that ray he su|j- 
po&pd havH* r^achi;d Z^aland fremi the tiotth a wicle 

field of inqiury ]{«& opeti atid tlie relationship of the Neiv Zea- 
Und species to tho&e on Lord Hon - e lsLand fc Norfolk Islan-d, 
New Caledonia and New Giiinea offer a frtiitftil field for 
fnrth^r invc^Ligatioti- P^n iculflrly wonLrf a caxeful toniparLson 
of tlie ^peeial features of the New Zealanr! floT,i with tho?e 
the Hawaiian islardsj which 1 like New Zt^aland, liav^ ]otS" 
tjeen sejiarated fmm any lar^e ar^a of land, lx? likely to s.fFord 

inrersStan^ aiul valualjle rc:^Ml hh, to lEa^ niflliod hy l^hj^li 

asobted areas ha ve beoome cnvered vitii planta. 
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A KDtrcl foundatfon for a knowledjje of tlic eeology s?f 
Kfrfr Zealand plagis has already been laid by Mveia-I wnteirs, 
but ihe dothmg; of tbe shinglc slips, river bcd -5 and shingle 
fans in the subalpine reg^ons and denuded areas in th* vqsE- 
ranic re^tons prewnta botanica l problems that cati perhapr 
be K|u[licd with jrrea-ter ccon-oiny of effort and laboc in Kew 
Zeajaml than Ijn any other country. The Canterbury Colle gc 
Mcmntaui iJfofog-iea .1 Station at Cass, situated at a Tieighf of 
zooo feet above sra levet, offers special facilities for wofk 
oti sorre of fbe-se problema. 

ftfany intenc^ting: resulta may be expected fram a cireful 
examina ii™ of the species that h&ve bcen introduccd and oF 
thr rcasmii thal have ctiabletl sqmc to nprcad widcly wttilc 
otbers reniain resiricted in area. The contest tnetweert the 
introduced species and those indi^emous Eo New ZeaLand shoutd 
gpvu pppartuniii-es for observations and conclusione: likely to 
be of uvide applicat ion in qirestions ronremin^ the dis-tribution 
of plauti, The wide extern of country and ihe varie*! char¬ 
acter of the di mate permite of the productior of manj/ plants 
of economk valne, but as yet very Ihtle has becn deme in the 
vny of exptriment tt) asccrtiin what producta could be profit- 

aL!y gruwn lictween che whcal r nata and other qtops <j£ the 

agricultura! Farm. 

ParticuJa.rly is it Tiecessary without delay to ascertahL 
wh-ether the native forests of New Zealsnd can bc treated so 
as to yickl a LxmLEiiuoiJS KU|jpEy of timlier and Eiqw for it wlL! 
be neces&ary to suppi ement them by the introduc tioii of timber 
trees Irom other eonntries. 

Fast experience elsewhere has conchi sively shown thtf 

the se probfofiis can be profoably solved cnly by aequi ring a 
wide arui fiuurid scietUifLc knowledge of the piante tiealf wjth 
atid of the conditions under wbich they grow, thongh investi- 
gatious of Ihe kind inay apeai at the time to ha.ve ro bearing 

on eoonornic problerris, 

Tbe foUowitig List contaiiis 3 few of the cbief w<srka 
cSealirig witli Mcwf ZealaiuJ botany. t 1 'rorn them references to 
others can b* rea-dily obtamed. 

Triirtsnctiuns Nrw Ziifll-rml TeikeLmiEv, vfllfc I IU 5 ^ L 

HrKiktsr, J. 12., Flijfa X i iviiv ZuijliifidiiLi?, igjj. 55, 

IfpCikcr, '], !>.. tin.niJiN.iol.: [jf N"cw Zea lanii Flora. r 8&4 

"Xcw ZLMljnd Jonrnai oE Science. Ifctti5., ]SQt. 

Ki rk, T., For«t Flora, l8to. 

Kirk, T. p StttdrmtS 1 Fkn -of Xcw Zc-aland, itffltgL 


Digitized by 


c 


Original fram 

HARVARD UNIVERSiTV 



Ml^CELLANEOl.'* PArCILS OW BflTASV 


W\ 


Chetseman. E- Matina] of New ZfaljjTHf Flrim. ignfi 
Laing and Blaekwill, Placiti <jf New Zfilatiri, igoG, 

Suta nta retae Idan da &f N*w Zealand, yifo, i and j, with biWi- 
bgriphy. 3515 . 

(Tt^cltitjiLE-, L-. EeaLnd Pinnis and Their Sloiy (ncw editioni. 

«9*9 

t COHMtNT ftV M(L SAFFDILD 

S-Vw 2'CaljrncR's c-all to fhe hptarmt ls indced. ali urine not i>nly tm c hc- 
and the student of phy Funeojsrapfty buL to ali those iratere-sLed 
in Ih-e oriein and. uses of cultiv-atcj plints, DnrLn.p our recsnt «seLiis-ioni, 
in the mijmntairiF cd fh ss island, the memtiers &s Ihe Secti on i>f Boiany 
bave been impressed by the tommtncE made hy Nevi ZeaLand deLegase* 
■~n ccrtain similarmcs betwten iht flora oi Hawiii and Eliai rif New 
Ktaland, in some cases t ht siinikrdly «xlending eo iti t vernacula r naitir* 
of planta of iht iamc echus or planci- mon i>r Itu «itimbline «arh OLber. 
Ttiu> oel #nsoun[tfmg ih* elimat na Mrew-jHfi* {Ftcytimtiio tfHaUt} and 

btarart^ it*; litcul ciilMc Jfifj. th*y wftulej «Tcd^irti ; lh Why, W( tfTO- have ? 
Freycijieiaa and call n 7 " On S*einj| thr natrvfF SalbiTiHR the- 

ffa^T^nt k-lilcr hdftr^ fAl>^as»> for rpalciti* satfaitds. ih ty 

rwoatiLirt! its riAtfic aS beinR pd^raikal witlt Cheir own «tnVf, which in 
Srw Eratam] fs iipjiliril to certa-in piant t -with. gltvssy rnyrtle-likc leave*. 
Tn thf tmtitc way the uam-r awa, ipplkd to the ti areolis Fificr 
ca ni by ih c Hawaiiana, betomts k&w-a-lrawa in New Cealand, whvit it is 
uicd 10 tkmitala an jllitd p\mt, Fiprr ficctium. Thii, Ui&uRh not 
narcolie, is picata ruLy ar uniat it and sliniiilatLng and ii n an .anedynt 
fof CisOEh.arbt. TJie nami? It, apjPliKi ro Curdylin* i* i™ New 

Zrilwn^l uAt-d iuf miny spi&w of iM kUn* \hk wc, *t> 

dtafly lirlciv^J hy iht In andetH it ^5 iTnpprtfl.fi i 

f^ctd plint <"f the Mam-p?» and nwr stili b-c ^ound -in their abnrdoncd 
ph n? nt icirts. AnotKcr fwd piant used by botb the Mh uri5 snd ihc 
liawaiiana and bearm* the same Fi-ame is itirchy ro^t t?f ^hkli 

is Jrere- Itu: sourec p^i, The krpft K™rd fc Cwrifrtifi? is eallcd 

.h^t in both _\"-cfr'Kcaland <md Halati, and rhe food rcceptaoErs and drink 
ijij? cups m.idc fram its shelli a.ic cjllrd i>h_ ihc ei ama for yam 

f M. Z. imAi) Li »ppiied to fbc -potato and fa the ediblo siifchy f&DC-stock 
ai a f±Ni f.-l/dfrtJJHi fraxinea). Thi Prindanu^ ckit-L raot o^cur in 

X*w ZiTahind, huc ibi e M^rtri namt JL-Acird, jpp3it*d io door -maiH. is casily 
idrntshfcl wi|h |h^ Hfl.wAi.Llq Jttrlfi Jinn! thw. ^unEui;i:i /ulli, fftfrn mdiirli 
ite h^idlrd- T'br Anu Ji/iiirr uxj Sttd ihe imlu ^"P/rr^rjjn 

prfi.-j :lt* iilso ali&vn! frftnl New Z-fia Ifllld, t>Llt ih^if fl*fflfra i>1 (Tui- 
sonti of jnd mi> 0 p a-re applitd hy ihw M^oria \o qthcT jLititi rt- 

acnitilinK thetri riEhrr in tht furm iif thflir lipayffl vf iit ihr tt^iure 01 
cheif wrjnq(, Thr pape^-tttiinifrfy, called ivnnkr hy“ Ghc Ha*a.iiiLtis ncid 
a\itr by iht Macris. tl«d bf Elieir Cftmuuin atieesiors as a smL^re ol 
hark for lApa-sfukinF- Thii [ibxn h pc IcitiHci tiwiI in N>w Z^aland, 
^iTid is tlifTe almosr CKirict. AII ^>f tliese plflnts fiHflanHed in th^ F^iM^fn 

H^rratsph c-rc: hui Jt ibifrvs i\Uai-fts r an 1 mprhTtaiiE ?HJurce c*tfd:LKr 
C*rurhil4\ hfffturnn fumPsiiinR'^alatvi5he-s lh tQprKmhpve peojjk;. hasl fcpEind 
ciiepr way to ,-\raie-rica in prfculumhmn times, The rwily .\iflericiin pEnnt 
akE eeonoTnic iiMportance which reachcd rhe Polyncsijint before the tl^ys &l 
Capta in Cook wae- tlic iwed-iJDEiito, cillcri k-n?m ira in New ZenhH fttid 
in liawaii. It h entcr-c-s-tanic tQ ntle ttint taro, ti. «iriil tlw* jp;rper- 
nmHitiTjF wcrc also rulttvalcd by cht FasLcr IsiiintkrN wltn caLLl-iI tltim 
b>' rhe samc vernacrilir iiamcs:, and iltir nartien of ih« lait^riAmerl iftlnnd, 
Tf Piro 0 tw [Ka Pikt> 0 Ita Romtu also euhivated (he wifr^r- 

and &&LIh! it JtyHivr^d. It i* quii* fePfiWbl* thi* fir*i 
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maM^htil lisirlf in lk Pacific CTrtniii flantis nf srnalhiv^ifi-m Pdy- 
Wg kn«w thirt i-t had nn mch-Fl Oiiam ti^f thr PMipp^'** feton 
llw rornicc ai SlaHrllnin Tn 'both ihc Mfiriannn and itic Phif^inci rt* 
iwrct-ptitdlti wn* brcroirtu b* Ihc Spuiin rcls ir om. Mcxior w-ith ii?* Arirr 
n^ime fu mtrtK or mm&tt. 

Apart frffln tht taluiical ini trf-«=l wliiih ihe cultivaMHi! planta nf X*w 
Znhnd and ifoe various- i^ljind pftfLiflP flf PdynKla may have. C Iii-Lp i r er- 
iiaeutar namc-s dcmoii^iTatc, in a mosi rfrilcing marifr, ih e 
ut rhe Polyni^iLan& .and poLnt Eo Maluysia as ilio credit ciE dirir fWf 
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THE FIELD LABEL IN BOTANY 
Bv Eiura. D. Miuull 

If ve critica \]y eaamine any herbarium we invariahly fifid 
chat the hcTbarium shttta prc^nt atmusi no dam pthcr thar ihosc 
eurrently Tecorded n the ^cictuific tupe» collector. ]ocaSity h andi 
daia of aillcrticjti. Spetial note a t tocal names h ec&tiomi-c ukis, 
etc., are either nol recorded by collectors or if recorded are ccm- 
rained in riotebooks and as a genera! Tiile such data is not tratis- 
femed To the herbarium sheeti. A3 a resuit jnpst herbaria are 
1K1I !u!fil]jng: thcir propcr -fnncticms and arc almo st ne-vrr coti’» 
sultcd b y othcr than systematic bolani&ti» cm accotme of the 
dearth of data ottier than that vakiable to systemati st 1. 

Current melhods of field worfe and -current metbods of 
recordinff dita regardinf? individua 1 collectionis must hc modifici 
ii' rhe large older herbaria, and the nrw herbaria et>w bcingf built 
upart to bc made more generaliy usefuL It is betieved that thi-s 
end can be gaincd by adopting a simple method o f field Ia hei 5 01 
a-Jiich economic data may be recorded in the field, these firld 
lahels to be attached l«o the rnounted sheets 50 that ah thc original 
rtzta are at oncc av&ilable to rhosc oonunlting the collections. 
Thi.fi method has bcen devtkiped in the PliSlippSnes wath the most 
adminliEe results hi tini the large herbarium of the Bnrcau of 
Science is ibw 1 not only an indes to the systematic aspecta of thc 
Philippi ne flora bnt aL&o to the cconcmnic aspeets wdl. The 
collectoris ane oomtllttd not anly tay £y£tcimti£ "botatiists but also 
by f oresten;, indi viduate inlerested in eoonomic bol&ny h philrdo 
gisrs r and others becanse the data such imlividnals dcsire are ali 
atmlaMc jn the herbarium. 

The field l&W i<Ica h#$ been devdoped not only For the u$c 
of ihe irained collectori but also with a vicw to the netds- of the 
untrained indi viduat, inJicatin^ Ln a simple manner thc data that 
shoultl tu? rflonrded with. each inriividua .1 collection. Through its 
use it 1 ia.fi b^cji p^siiible t* assernble a vast amoianl of econOmic 
dita, such data is in getieral noe avaitible in the herbaria of 
shc classica] type. The form given herewith (fig_ ii that 
adopted for the current botanioal work of the Etureau tif Science 
and may be fto meet th-e locat needs or (or any spe^iJic 

purpn&e, The- origfitia .1 label i& plaeed with the &pecipnen when it 
is art^Ti^ed in the pre&& for diyin§: h rem a in 5 with thc ?pc^iiu^n 
during ali &iage& of prepiTation, a^nd i& finally atrathed to the 

Uppcr left h^nd torner of thc vnmuntnl h-^rlmrium sllUet. 

[1931 
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T LORA OF THE PHILIPFINE 1 SLANDS. 
HERBARIUM. UtREAU OF SCIENCE. 


Cowmon nume .. Di aleci — 

Field No. ...... Herbarium No .. 

Collector ..... 

Ieland orFrovince ..... 

Locality ___.....______- 

Habitat . ^ _...______ ______ 


AU it ude olrove the aea — ....melem. 

Tree; ahrub; buah; vine; herb .... 

He/ght of piant _______.... M- 

Diameter, breaat hl£h ......._ Cm. 

Ftower ..—...... 


{Odur. cui ur, vLc ,.) 1 


JPruit ......._ 

(Kind, odor, odor, «tc j 
Special notes ..... 


McOoomlo naea __ .. 


e— m» 


Date ..... 

Fi!’a;hk i- Mcld lahel tisici in the herburium of the 
Philippinc Rurcau of Science. Reproduced ftill sire. 

Throtigh its use it has been possible for the Pliilippine 
laureati of Science to utilizc the Services of scores of individuals. 
often untrainefl natives, Ixith in and ont of the Government serv- 


^igitized by Goude 


Original from 

HARVARD LNfVEF.SfTY 





















Miscellaxedus Paper* on TIotaxy 


195 


ine. in eompiting vahiable economic arui ethno-botanie data 
Fornis ha,ve been freely distributori to amatoiir hofanists, forest- 
er>, rangers, missi onaries, teachers, ethnologists, geologists an<l 
others, and the results obtained have rea 11 y been marvelous. By 
supplying small colkcting outfits and fieltl labeis we have been 
able to secure from non-botanical expeditions very extensive and 
vaiuable collections which otherwise would not have been made, 
not because the non-botanical individuals were not interested in 
seciiring botatvical material bnt because they had no knowledge 
ut how to prepare speci mens, a very simple process, or how to 
rceord notes. 

This brief paper is preserted chiefly for emphasieitig the 
great valtie and eminent utiJlty of field labeis in current field 
uork 5n botany and to impre&s on the members of lion-botanical 
expeditions the great desirability of their cooperation in collect- 
ing botanical material in the more isolated and little-known parts. 
of the world. With very slight addttional equipment any expe- 
ditton into Polynesia will be in a position to secure exceedingly 
vaiuable botanical material ard with the use of simple field labeis 
record the data desirablc from the standpoint not only of sys- 
tematic botanists but also the biologists, the entomologists the 
philologists, the foresters interested in purely econamic phases 
of botany, 
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SOME RECENT INVESTIGATIONS OM THE PLORA 
AND PHYTOGEOGRAPHY GF JAPAN AND 
ABJOINING REGIONS 

By K. Shjbata 

The foL!&wiiig paper is nat offe^d as a thesis, but i* in- 
tencled to prc&ent a brief sui-vey *>f reeent phytc^gcographieal 
an<| flcH-L-itig works by Japane&e botaEii&t& logctlitr with a di&- 
cussioti of their salient feaEurcs bearin^ upon pmblerm. ootinecied 
with Pacific reglom.. 

As is well known h Japati is a vzty much exicndcrl counm 
in htitttdt well as in alti tuta, and has wiueq uenily a wide 
range of variatbn in rlimitic, 50iL an.d other conditione The 
extraordinary richne&s. in pl^nt liif-c rhus frTPttgM atwut has ha^ig 
h»n ihe .objecf of ea^er sttidies by itiany Cor^ign and hotme 
fatae itf?. fimpn^ whgrn Tnight fre memioTied in this place Kaett> 
pfer, Thumberg, Mirpid, -Sichnld, Ma^imowfcz, Frantiet, YiUlw. 
Matsumura. J M[yabe r Mjikina ^ehE (rthtr^, The decidi 
in rhe flori&tic eKploT&hen of our Und made in th-esr ii*eaii« is 
twrne ™t by the fact that Mat&wrnura was able to enumerat? 
more Ihan yooo specie* tif vaseuUr planis, belong-ing to 154 fasn- 
ilies, iti his ‘'Japanese Names uf Piant a™ publish-cd a f^w years 
ago. Thongh 011 r knowled^e of lowtr fornis of plani» occuning 
i" Japan is far fFwn wmpleTe, wt ntay -atili add io the abev? 
npmbers sorne we rhousan-d speciei of marine and fresb water 
algae (ejt-clndtng diatonis) and three thous^nc! Jiv^ hundred 
species of fungi and bacteria.. Thus the tota! 11 irrnber of piant- 
fptms hitbcrto know^p from J^-pa^L t^$i<kraWr e^teeds ^,ow 

As che flnristic investigati ons of our territoria, Korea and 

Formosa, lia^e betrl pursiifld in r^ent yCBTTJ w iltl Tiern^rkable 

sieccets, an up-to-date statis lieal representation of rtsults sttalned 
inight be pf wftk ipttrwt. At my reqyest, Dr. T. Mahai, the 
gav^rtunent bor ani st of Korea, has summariaed hi & si 11 dies ia 

the following tablr. fTh^ figtirg* in par^rttligscs indis^t^ llie 
mimber of endemie fornis): 


H— - n N U JS REB OF --. 

Pacn, Tris. Sp. Var. 

Ftcrid^ihytefi ...... ia 4^ anfi <17) [> (4} 

Gymnosperrm ...._..._.2 m 21 (4) 

MofiDCDlylcdorci _____ m 175(1) ^ i oq (45) 

Archielilamydcai ... K? jyj (3) ijoi [ai^ jjoficc) 

M^iaeblniviyd^^ -- js 314 (s) 658 Cia?) *] CI47> 


Tolal -----151 (W 4^6-(ag^l 

n«i 
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l^vsoils io the w6rk t [nile Ly MakiL, -UVrhc 14*0 SpttfheS 

bekmging tu 130 fitnilics and 550 genera werc known froni 
Korca thrcug-h the mvestif^atimis of Pahbin* Komarow and 
others, The most notcwcrthy piant fonnd hy Nakai es fiftfraa- 

&n-jfl\va iajitaircd niSt 1 ., irf H0T\ f^, F 3 pcrcnnis.1 herh with l^au- 

tiful blue-violet fluwer. tetonging eo the family Cainpannlaceac. 
Artiong lite arboreous elementa, compasin g one-fourth -of Korean 
flora, a new hlHcsccous gitnus Chosicnia (Cho^en bcing- the Jap- 
anc m clrsi^na-tibn of Ko-reaJ w.a_h made kno-wn by the ame 

author quite rrcenlly. 

Ccmcern ing the Formosari Ftara h a s-tatement similar to th<r 
almre can bc maric. In 1B96 A, Hcnry ciUimerated at®ut 1400 
speeirs in his aJ Lisi of Planis Irum Formosa . 11 Sinec the aequi- 
iilion of the is [and, in 189/, Japanese botanists began to pay 
anenlion to the flora of Formosa and made several oollecting 
|rip& ther^to. In iqoq Dr_ it. HayAta stirtcil, under the govern- 
uienl 1 s ^uspie^Sj a vigorous hotanjcal snrvc)- of the island, assistet! 
hy rnany able collectors. He publish-es resuit s of his investiga - 
ttwiSp sStks 191 I, in inniul toIufUcs ^ntitlrf “Itone* plautanim 
Fomipfijnarum" and with ttic ninth volti rue of this. wcrlt, jtist 
iasu^dt ihe numb^r o( Aowering plants and vascular cryptojgam^ 
fati be sunraied «p as follow&i ifig farni lies, II8.J fpnera and 
spedes. anuxpg wlroh k»^ i 200 nevr fr* $cWnge, Some 
nf the families containinig the tarytst mimbers of specie» arr: 


frlypuliaceae . 

GrfUhinf-ae- 

L^gtmuriosae ... 
Coinpcsilac 
Cj-peT^ccae ..... 
Vn>cuiEic -. 


.... 44?siwei« belonRinif 


a-IA 



1 1 1 limlnlmdim IIiI■ mlmmiml 
I n ■ . I Ini »1 n J I . 11 . I Ul LB I J I & I 


■ i ■ll^iiJWiaaui 

ILE ^iUULaiUUl 


» 


i 1 
11 
Jl 


■ t 
41 

J. 


II 


tngnfiuilfrra 

“ 7 * “ 

^ bl “ 

JL S- Jl 

- F 20 

- 30 HE 

- 5I - 


The inoftE reraarltable piant lonnd. by Hayata ifi a new corti! 
erons t m t named Tnitvuriu cryptomsrioidei,. which growi in the 
Middle Pormcisa rtiouiitain raTLgc at an aLtitudc a bove yocx> 
mtters ? and attaitis great dimensione eieeediflf not rarely a 
hei^bt of jo meters and a diameter of 2 to 3 meti;TS. Ot^tr 
inter^iting mvs genera are: Ariunorchas» Parasiti|wmoea r Pol- 
]cniopfiis p Pcilitbgvigna, F^dp^niLax, The dlM^yC^V of a new 
species of Arehangioptefis, au old maraltiaewus Icm.. and 
cf Mitraatcmon^ a curioiifr parabile btlonging to UafllcAiaCi^v. 
deaervet «;pecini mention, 

The pbytogoographic s-tudies, ot the determinatione fl^r^E 
rflgkms, lalong with the purau.it of their inter-relatioiiship, innover 
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a more vexet! problem than mere enumeration of existing piant 
tonus, The distributio» of plauts in certaiu regiems 15 influ- 
enced not only by climatic but also by historic factors, Takini; 
ali the available data in account, tve may divide japan in foitr 
tloral regions, namely; 

t. Arctic Region. consisting of Sakhalin, Ktirile Islands and 
northern half of Hokkaido (excepting certain Coastal 
districts), 

2. Temperate Region, extending from soutti of the above tovvard 
Northern Honshu to about 38 degrees N, L. 

V Subtropical Region, comprising the part of Honshu lying 
south of 35 degrees N. L*, Shikoku, Kiushiu and South¬ 
ern islands rcacliing to Okinawa, The middle part 
of Iloushiu lying between 35 degrees and 38 degrees 
N. L. is of an inter mediat e character, being either tem¬ 
perate or sub-tropical according to the distance from sca- 
coast and to the elevation, 

4. Tropieal Regios, consisting of the lowland of Formosa with 
adjoitiing islauds and Ronin Islands. 

The above menttoned region» are raost convenient iy diarac- 
terized by arbereons eletnents, of which there are estimated to 
he ahout boo species in Formosa and 740 in Japan proper. 

[ In the A rrtir Region are fomiti Piee/i ajatienxLs, P. Glfhiti, 
.Ibi es reitthii, Abies sc e balbi en sis, A. tttariesii, Pinus pumila and 
Larix dahuricatin scghtifien, together with deciduous trees, such 
as Salix-, Betula-, Alnus-specics and small shrubs belonging to 
such genera as Vaccinium, Lcdum, Pliylludoce, The herbs 
belongmg to Senecio, Cacalia, Petasites, Angelica, and other 
genera which sliow often a vigoratis vegetative growth, are also 
charactenstic of this region, 

2. Tn the Temperate Region decidimus; trees such as Fagus. 
Qtiercus, Ulmus, Juglans, Salix, Populus, Prunus, Acer, Fraxi¬ 
nus, and the conifers, Pseudutstiga, Thujopsis, Thuja, Chaniac- 
cv paris and Crytomeria are common, 

3. The Subtropic Region is characterized by conifers, 
Porlocarpns and Pintis Thuubergii, and by manv evergreen trees. 
belonging to Quercus, Pasania, Cinnamomum. Ilex. Etirya. Sym- 
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ploera^ Camellia,! ETOnymus H Pioo&pontnn and genera. 

Many ptanfcs. for cxarciplcp Abies tfrwta., TswgQ sieboltfi. -PtJius 
dtniifVira. C^rpEnus, Ze]!kcjw& and Cfrnius are found in both 
regiom, formang s*mewhat transiliori eltmcnts. 

4. The ecj-nth cmlof Formosa, reaching ta about 22 riegrec^ 
norlh latitutfc. A rcalty tiopical vegetati on tlirives ia this reftion., 
having s*wrat Ficns-spefieB, BUthafiia japamcGr C^l^phyHam 
itoQphyUttm, Gar tinia muitiflara [ Ttrvtimiih tatappa\ Eugertifl-, 
Palatu Liim-,, H ibi seu 5-, Aeacia- species, pjilpni;, mangroves amt 
m-any oihers as n^re^mitiv^B» Eauatias, phi^ppk. sugarcanes, 
rubber trees^ teak and other iiwfiiE planta cati b* gr&wn. 
The ?mall islets of tbe Rtmin ^rernp- &hovfing tropies.] fetttiircs in 
rkrii' vehela ttrin, accm fcti i-Qrilatn several ciitl cmm pSa.nl h-, whtcli 

de^ne care fui sttidy from the madem point of wiew ot tlic tra- 
lution of piant s. The ethnolojEfically int-eresti.ng' islaiid Botel- 
tobago, lying east of the soiith end of Formosa, was botmically 

e*p"k>red hy Kav.alr.1rn1 aml Qfhcrs z.ril some 4JO spbcies -of 

ftowering plants atid 70 species of fern-aliic* art reeordtd from 
therc. 

As ro the vertical distributiori of vascular plants. distinet ion 
of zones analogvm 19 itto^e &tat?d llOTiflQntfll r^gions tin lic 
made_ At Mt. MoTriwsiu Middk Formosa* the s-uhtTopie forest- 
*one (ie* bctween 500-1 Sto M. alLitiide* and eonsi at s of ever- 
Kiwn lites of 5-uch genera as Cinnamomum, Quercus, Ci&t&nop- 
f-ii fc Mictilius, Trochodeflctron. The hfiuf highcr up tfl ^OOO M, 
is occnpkd by the lenipente fores*, whkh comtius liirfuriA-nriy 
pTWing couifcrs, s-uchi as ChGmuwfypuris fvrmvjcHmt -Fiffa flior- 
hjJttlVfl/tl, 7 Xk^o ftjrm&Stmti,. iTiFflirihin^lcd with Fagui. Juglani. 
andother genera. The area above the joco M. lirnit belongs to 
the «vcflUed sub-arctfc rone u/ith Abm k^imk^mii as «he char- 
«teristiit elemcnt. lr Shiknku a.nrl Hotnahin suliargtk ^oniferoa^ 
Erees. 5 u>rh &s Veiit&ii sncE Mariitii Ri"Ow al ari altitudr 

above srooo-iooo M. 

The distributEon of batriboo piante in different tloiaJ regron^ 
is-of speci a C imerest. The ]atge bamboos, Deu droea tamne and 
ItanihLis^, fpiLnd m the trppical re^iou of F^mKi^p irhctte» 
PllylkRtiehyS- and Arundinarsa-species tlirtve Ln the iuEilrnpical 
npMi. Masiy species of smalLer baniboo pianti belotiging the 
mtlemtc genus Sasa lunenri&Eitly in the temperate region of 
rtorthem J^ipflTi, conlriliqtjnggneatiy tn ||]^ <; b^.r^c^r[Hti^ physaog- 
iwmy of milititiin vefjeUtiun. 
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The floristic dements of Korea taken as a whole are most 
akin, according to Nakai, to that of Japan proper, more than 
seventy per cent of the former being coinmon to both lands. The 
distribution of arhoreous flora, especially of Pi*ius haraiensii. 
Pinus pumila, and the like, indicates clearly once existing lard 
connection between the continent and Japan, the part of Korta 
lying north of 39 dcgrccs north latitudo, forming a flora! district 
together with montane Manchuria and Ussurie, whercas the 
vegetation of Southern Korea has a myre prunuuuced Japane^tr 
cliaracter. 

As to the comparat i ve ly recent formation of the Japan Sea 
evidence can also be brought forward from the distribution ot" 
marine algae. Among 17 en dem i c genera of sea-wceds in Japan- 
ese waters, one and only one mouotypic genus (Coccophom 
langsdorfH) is, accorditig to K, Okamura, restricted in its distri¬ 
butiori to the Japan Sea, whereas 11 genera are peniliar to the 
Pacific coast, the remainmg 6 being common to both regiotis. 
Tn tliis respect llie discovery made shcrtly before by Nakai of 
sonic cndcmic arborcous planta in Dagelct Island off the cast 
coast of Korea, ia of spccial interest, as they indicate soiuewhat 
the nature of the vegetatio» of a foresi-covered land, unce coii* 
uecting Japan and Korea. 

The irtrusion of soine tropica! or subtropical elemeiits, 
sueh as Cersidiphylhtm japanicum, Pliellodendran, Rhtis. Les- 
petleza. Lindera and Ardi sia, far north in the temperate regioti 
cau be taken as a peculiar feature of the Japanese flora and 
partly explained as the influcfice of tlie warm oceanic current 
bathing the greater part of the coast of Japan. Ort the nther 
hand, histnric fartor* can not be overlooked in the considera- 
ticn. Fossi! remains cfosely related to the above mentioned 
species were fouwl in the Tertiary beds of northern Asia, in- 
dicatmg a prevailing warm climate at tbat period. From 
Sakhalin even the discovery of Tertiary fossih bekmging to 
Ginkgo, Sequoia and Cycad is recorded. Iu the glacial 
period. sct iit about the end uf the Tertiary epoch, some of these 
tropical piatus might have rmgratecl, or been drlven, south- 
vvarri to the present habitata Evidences of glaciation have 
been foimd rccently by Yamasaki and others, though not 
referable to any delinite gcological period. in the mountains of 
ccntral Japan. The effeet of refrigeration might then not 
have been so severe as to eliminate altogether these floristic 
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ekments. Or*. it is aiso possible, thal ihey re^ained the norih- 
em posts arter the subsidence of ice. 

RcccTitly thc origin uf the Japanc&c aipine flora w-as made 
the subjcct of catciuS stucty hy Koizmni, Aationg rftinc 400 
speciei tfudied h about fcriy petr cent are of ejidem.ic or autnth* 
tJionic nature and forty-five per cent belong to lieterochtlio- 
rnc, boreal, or eircnrnpolar elementi;, whieh the awthor con- 
sitfer? t-o southw-ard aif %h$ gla^ial 

periud by \xay of the Hering-Okhotsk: Ean-cl inasi, talting one of 
the rmites:: Kamtse-hatka-Kurites-Yezo or Kohotsk-Salthalin- 
Yezo. H, Takeda, who made a careful study of some 300 
s-pegies of vi^ubr pl&nfa Golleeted tti 5 ikotan h The -noutheT- 
most felA-nd of Ehc Kurile gmu-p. tKpreiiscd th* view, that 
the migratio r oi borcal elementa in Yc W and Hotishiu tonk 
pla« -niofe likely thfough the Kuriks Uian throtigh Sakhaltn. 
Fn fact aII ^eob^ica] and paleonmlo^ical e vidente tend& to in¬ 
dicate that fnjm the md of ihc Terti&ay epoch unti! tHq Pleis- 
tocene ati extensive lantl nnass dcveloijitig; in ihc Bering Sea 
re^ion connecLed northe-astern Asia H intludlng Japan whh 
Al-aska, thus affordin^ a -common birthptace for ihe floriBtic 
elementa in habi t in £ tfiese renantis Jnn_d that portion o( the Nor(-h 
American continenc lying we^t ot the Mackemie River basim 
Howtver the well knowm argumenst o-f Asa Gray fc thal the 
flora of Japan is 50 intimately related to th&t of the ea stem 
cossi of Anenca, thlt sixt y per cent of planta From the formet 
are to he fcund also in the latrer region, may h-sr Aly be main* 
tainecl. owing to the inaccunacy in specEfic identifications made 
in his- tirnt The arctopleutoceiie ot g^acial elcmcnts mu-st 
casil y h^ve ^a*ned Fftoting cm the cnountam^ of no-rthern Japan, 
the gronntli having hee-n often thmugh active vokanic action, 
la-Lrt bare and thus made suitable for tlic Invatioti of ihrse 
piante. But alw in TTiiddle and Southern japan. even h\ Yaku- 
shitna^ lying swuth of KtiiKiu, a sporadic cKcnrrcmce of alpinc 
plants belonging to the circumpolar and flering elementfi as 
to be foun-d on the sunnmit of mountalns wliich lie at pres-ent 
coiis[[!enibly below timlier line, Such ntight he tak«n as. Telic^ 
of an eit^ns i ve a reti c fk>ra ftourishing und^i 1 th^ told^x flari=i] 
elimat* rwice jjrevaitang in these Mgfinttfi r Th-c adjniriFig re- 
gious of the Aftiatic continent have been recently e?cp1orcd by 
severat japaneee botanim. W r hile professor in the U^iivcrsity 
FekLng t Y-, Yabe made a careful floristic investigat io ji of 
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the Provifice of Chi 3 i and tlie liorthea^tem part of Shaflsi- 
He de&CTibe& in a, jwjwr, m>w in press p some 970 &pews of 
vascular planis, jmnnj wkich 5& ar* ncw to scitrc* or to the 
rugLoii, ahvnviu^ as a wh^Ec thc istic characLcrs 
eith^r to Hinakya.il ar Ural-Altai r^gf&o-ns. 

In this sfwrt oomrmintcation ] cati not emer imo dktaib 

at worlc [lortc hy ja|]iiriesr Ixrtamsta qti the bwer crypttigJMlW- 

Marine algae bavt bcen most thorcmglily investigfiteri by K. 
Okamura and. K, Yend*. Much has bfitn [ 3 *ne als& fungi 
by M. Shinaip K. Mijabc and itieir associare*. Licbens art 

stu-cliec! by M_ Miyp^hi ant] jtmjhkcs b>' S. Okaimira anrl ather*. 

&Iany contributions to tlie gcneral prribkms otf botany catt 
also no+ be dtscusaed in this place. 
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LOS FIUPIUOS 

BV LejON M, GUEEiteo 
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(Ab*tra*t rend-cf^d JntG Ericii s|i by Willssm E- ) 

Iji his intfCidiietory femarki Dr Gwiw statui that Iw 
did no-t pretend to treal the subjeci exhaustively, bul tbat he 
wisiwd to c-al) attcntkm to the ^neal -value of inany of ptarts 
aut E pSant-prorlircts of ihe Philippiae IsUthJs as mecl icant*. 
whic"h ait rajcE-eri the attfliiticni of earEy c3C])1urcf&, l>otariist,s F aitcl 

p-hysieiacii. A great ntimber of tliese planis are ai r rati v known; 
many more remain io be tdentified. In this connecrion Dr. 
Guerrero called ittentLon to the valuable servicc rnidtrd by 
Elmer D. Merrill, Director of tlie Philippine Eureau of Scien-ce. 
Dt_ Merrill has hron^fit to Ji^ht nian y ncw species and hc 
stL 3 1 -dfrnt[niie= thit mipertartt wurlc r at tlie samc linit co rr ceti isp 
errors of previous writers and esLabtisliing' the synonymy of 
botanica] names of pLaeits indcpendeot [y -described by se vera. 1 
iKatani&ta. 

1 n_ F< jrrnat ion relati cag tp tllc appl iraliurs ejf planta rcpuCetl 

to hav* medirinal vir tues has been ofrtained frotn native lierlxa. ■ 
lists and dealers in drugs, -whose id-eas bave h in many cases, "been 
mun* or less colored by the supetstitibns of the primitiva in- 

liahitan|s! of iHlands. Ifi order tu the layitleci in the 

identifLcaEioti of the se plants the vernaculae or m™ noti namea 
Wite beem added* In sonie cases ranfusivn has rcsulted from 
[]ie applicitiori of the sanie nam-e to several s-pecies and io 
tfthe&s by the ;t]ipSicathMi -tif KVcral nam es tp a singlc s|iecies. 
Ettops irising 1 from these Pinses detHAnural* e!i* iiecesiity 
*f hflYin-g pne rnQgiiiHd yfllid botanicaI namfi for each species, 
Thii wqc. in the Latin iRitEuage, wi]l bc rhe same in atl 
ro-jntriga no mattrr what i\i< H]n?keu lingua gt inav bc. Dr. 
Gwrrero c-aLle-d attemion to the recessity &f gmi eadtion 
in Mc-ep in^ the sra6eoitjnt5 of enrhusiastB ne^aidin^ reinark- 

nWfl- V^rtucs iupjKJK^tl Ia> hc inhcrcnt in parficul^r 31I anis, nuci 

also to ibe wiadoni of comparing plants reptitcri to bc viluahlc 
ftifc- Bncdicire with clo&ely alliccl plants of o&h^r co-untrie^. He 
abo called afTcutkin to the fac' that many native planis hari 
heen errontousl^ nt^aitlerl ah ideniica.1 w r ith plants of otlier 
CQBirtrits to which they borf more or less rescmblance: so 
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tbat certain i\sis of Philippi ne piam* cotitain th* oamcs of 
species wtiidi do not occur in ctiose islands. Iti addition tu 
nali^c plaitts u&ed in «uring diseases Dr. Giierrero pcfecred 
to orlicrt u^ed a e poi satis, narcotice,, or lovc potione, 

A (ter glving a liat ol the principal writera on systematic 
and «economic botiny of thc Philip pine [slands. ikt piper 
doscd! wiE.h a J 'Usti de las plantae medicinale? de re*oi»dda 
importanda y mas populares uliliaadas. per los FiEi pinos." 
Thia paper wi]| be publi&hed by the Pbilippin* Bure au oi Scicor?- 
Il is imemcetivig to note that a great many of thc planis includet! 
in Dr. Guerrero p a. list occur in Ha. w ali, some ijf them Introduced 
thtough human agency in pnehi&toric times H others in recent 
ycars. 
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WORK IN ALGAE AT THE FUGET BOUNT> 
RIOLGGICAL STATION 

bv T C F™* 

The regicn h rich in species; about 75 are mrantoJl, css- 
clusivfl o-f unicellulaT forms. Same of the Lar^ip -anes anuing 
Ehe Pluwphycrtc, notably JlereEsystis and Conaria., are very 
abundant. a ad e^mprisc the: major ptftfknt af the v-sgclalioft 
atong- Ehe short. The abundante &J Ntreocystis and ita cco- 
nomic importance have led us to work w itK it rwre than with 
atiy otber fnrms. 

TiHARam ieallj- wc hav* datt* vtry lini e. Sortvt work *was 
nndertaken in hoth green and red algae, but aw-aits (he cori- 
jdrtton &f work on Northwestern al^ae by Seichell and Card- 
tter_ This sumer wafk on the Identification of dtir diatonis 
vras "be-^un, 

Perhaps half a daicn or inore morphologica] papets have 
been completed, mostly on the broivti am! ihe gr-een algae. 
Thrse are usuilly short, lntended ro ciear «p a definite species 
or a definite pdnt and completed in onc to thrte monelas. 
Long pruhlciTis cannol ■wel! be uradertaken because niost of the 
hortar* are at the statio n for tht summer only. 

In ecology we have urvdertaken The mapping of the algae 
altmg the shores of some of the nearest sjslandj;, and Uidi- 
cating the assticiatiuris. Metet of the work io etology, however. 
kas becci expcrinicntal,, with a view to deEermirii-ng soine of the 
factois which govern the dtetTibution vertically and horizontal- 
ly algnp the &hore, We fiaw that is a fac¬ 

tor* po$nbly the ehtef eme r in the distributiori algae verti eal- 
ly above Uve low tidc line, and thaL light and addity are fac¬ 
tore in ihe distributiori of Funis, and some other spectes. 

£,cQn(?miic^l]y p the -station uras ^orkcd on the producti^n 
nf food from kt\p. Amottg ih ese pwdwcts a te fertiliter, pkkle*, 
can-dLec! citron substitute, and algin. The effit of drying pre- 
vents The use of l«lp oti a lafge ££ate as a ferttliEer al 
althfluEh therc is ore factory on Fuge i SoeitkJ. Candied citron 

substitute and piclrl-cs ha ve n^ver been atTemptcd on ^ com- 
scalc. 

In ‘cxperi.mental morphology work was compteted on many 
algae, djetcrmining the Tcg;ion of growth, the effcct of retarded 

greUrfh, the rc^dlt Of Irtutitati-bit, aml th^ tcjnvenatH5n of part^. 

m 
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!n physici ogy the compositiori of thi Beavr«ds. nciialily 
Nerueratis has bccn studied. Ths ahitnrlanr-c of Ngrcityatis. 
its fapid gtouih, iiiit the iittifomuty of tc^frffaliirc in. sm- 
waten mate? the regioai highly auilaljk for physiologica! ^rt 
in vrhich uniform temperature is required. 

In chait short resum-c tremit caniw?t bc j^ivcn to the indi- 
vtdbiil WO-rkcf, but I«rat (jf thc Work tli* staiitiri iWt.IL be 
fouttd in Publications o£ the Fuget Sound Biologica! Statk»", 
cf whtch the second wliime is tiow nearly complete. 
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Th^ sn~rav pACtflg 4C£A'N ALCAE 
By JOSEFHINE E. Tilden 

{Abstraet Pre-pired by the Chairman^of the Stctkn ci Hotany) 

A syslcitiatic study of th-r marine .and freshwakr sptcic.s 
o( the algae of Pacific comit ries would be a -work of great 
importance. Too much str-ess cati iiot be placed oti laxottoniic 
worfc as a fcundation. 

Information shouW be gathertd rdating to che geographica! 

dibCnbnf lciti «:if thr Pacific Oce^.n sjieraes of :-l 1 .CT-T-^ 

Duting the recert war tbe Government made an investiga¬ 
rim ini» rbe fertitiMr ttwwtw *f the Umi^d States, a 
resuit, the gTi'i(: Eeclp beds of the North Pacific Occati my 
in ibe- future be ysed tu suppty the potash needed in commer¬ 
cia! ftrtiliurs- 

In Japan r Chim, and niany Pacific ishnds* waweeds forni 
an imponant article in the diet of the commem people. As 
more is learned a.bout the Chemical compositiori and foqd vaJuc 
of thrse plams r thtir u&e may cDct-enrl (o other cfiumtries. 

A liet ftf nam es used by the nativ es of Pacific cmintrie* 
for different kLnda of algae, aecompan led by descriptioris of 
native uses of these plants and by recorda ol mytlis and 
stories in which their «se was indicated r wcmld be of the high- 
esr vilne to the anthrupologisr. 

The gcOfogitaJ anpctt of ilgao—as cilearcods pehblns or 
«nereli*ns in ffeahwater lakea and streams.: as ealcareous and 
siliciousi formaliori a laid down in the vicirity of hot sprimgs 

Ati d gcyserg- as deep sra dcpo5.it£—affordi probkini requiriftg 

detp stydy. In recent ycars aratber subjeci for gts>logi«cal in- 
vestigat ion is indicated—tfnt rekling to the part played by 
wkoa species of lime-secneting green and ned seawcetls in 
■the huilding of the so-callcd "aOr&| ji f«fo r 

Observitions ahould be made by 4he vulUnolpgi&t as wril 
as by the a-lj^ologist on thp v^ery siitiple fc&rms of platit life—- 
the blue-grccn alga*—which occlt in ateam cracks and in the 
hot water of dripping clifTs in the viemity of Wkdno-e$. 

The alg^e constitute the primi cive fond of lishcs. The src- 
ondary food supply of fisfaes is. made up of crustacea in the 
ocean 7 wberever randitions are stiitable for their groi^th. The 
r«st physicat or cbrmical cbang^c in tliese- eomlSttcms -may eause 

[ 20 ?] 
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ihem to disappear 3 and in tirni, the animil fom'^ -dependerit 

npon tKmi. 

Taking all of the above facts snlo e-omideration^ thefe 
indicated a prcs-sing ne&d for an immediate and cricital inve^i- 

g^iian crf Fresbwater a;nd manne piant Isfe, 

The foltowing methods of work arc «omimcndcl: 

A. A saries o-f u spurce lioc?fcs F ' h -wiiich sha~LE ocrtitain, under 

otie cover, so to s.peak F all ilie algological data, based oh Facifk 
materiaL P publUhe-d up to the prew<t tFirve, Materi ai fpr this 
is at hantL Witti sufficient Facilities and assisis fice. the boote 
cciuld publisheri wittiiu 4 ysar^ tim^. The scQ-pe oi such 
"source-tooks"' may be Lmderstood by referente to the vohme; 
J< Mymphy 6 «w. id Mm***^» vs?h 1. 

B, A systemate suruey of the enti re Pacific Ocean should 
nc*f hc bcgun, wifh the series of suuice-Luxiks &5 51 foundation. 
Two esc pedit io-ns wcrnld need to t>c fiited ont ? anci t-ivo years’ 
time should be allowed for the completiori of the work. 

The field of obs-ervation ol the firat eicpedition sbould in¬ 
clude the >Jorth American, South American and Asiatic shoren, 

frpm H<Mm {n A]askfl, artcl fn^m Hering S -1 ?^ Mf.lav 

Peni naula. 

The wc^ti d expeditiori -coli Id take advanta^e of the re^uhr 
Pacific stcainship lines, with the use in certam localsties of 
tradi ng boats t fishmg hoita, lighthDuse temlers and piloi sit- 
tions. This expeditiori would explore the island groups of the 
Pacific Ocean, Zgaiau^ p &nd the ?a^t=rn slwres of Aystnlii 

C_ The [ea d era c-f those two esrpeditions, with certair merti- 
hers <?f boih «priitiona, s-hould do tlie pre limina ry work of 
Easter Iriand ± iu order to have an opportunity of planning 10- 
gec.lser in the field, witls the object nf m^kin^ rC99rd'^ng; os 
re&uiis uniform in detail. 

D- t^podition sbould in additxan tu a lead^r 

and a secretary, alstiut a rlcien werkefS: three wllectors for 
planta and animal planlrton, hac teri oiogy ^raieteorolog:cal n ch^tni- 
cal aixcl physica.1 datals three cotlectors for marine aoology, 
aJgal conterus of stcsmachs 0 € viinials, and oth^r xoulogical 
data* four colteetora for thr largit algae, batanical, amhropo- 
logfgglp g^oiog^ical dfflta, 

E. Collectioni to be madr: aEpae. bacteria, marine animak 
stomachs of anunals, s-amples f>f sand bprtoiH 5 h photO- 

firapha, mnvins: pietur^. 
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F. E>at* \x> Hc accumy[&tcd : temperature nf wifccr and rlt; 
salinity^ adclily, current &, ti<ks n Vigili con.[lili,oiis. r clcptli; zotiei 
of distrihutiou; ahunda.tice - r^oordi of parabit ic and epiphytlc 
orgarisms; Idnd of rock materia) ta whicli specimen is attadled. 

fi- Specame^s of pii-nts, animals! animal stomachis, and 
ntwk Jimp-Icft to bc scm to cxpcrts am| to he finaliy cEcpo&itril 
in «ts f in 50 teaditig !nsiituiLcm£ of the world. 

H. Resuit v: Important amtributions and moiiograpfis 
yh-ould hc refedy for publicatipn watHm fi ve yeare. 
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XECESSITY FOR BOTANICA!, EX PLORATIO N IX' 

THE PACIFIC 

(Prepiire^ liy tlie Sec!ion of Botany for prescntatton to ihe Cotiferen.ee.} 
It Is evklent that systcmatic botany is the basis of ali other 
botanic work in Polynesia, as elsewhere; for to correlate all 
other lines of in vestigat ion it is necessary that the name and 
exact position of the species should be known. 

botanica) expio ratkm of Polynesia has been desultory. 
Sonie areas have been rather intensi vely explored, sonie slightlv 
exploret! and others alniost wbolly ignored. While certain lo- 
cal Horas have been pnblishetl 011 various parts of Polynesia. 
vet 110 single island group ha> been so extensively explored 
tbar we may daim its. Hora to be “known." Rxart Information 
as to what has thus far been accomplished in the field of botany 
of the islands of the Pacific should be pre>ented. The bibli- 
ography of the subject has already been worked up by the U. 
S. Department of Agriculturc and exists in the Torm of a card 
catalogue in the library of the Bureau of Piant Industry. 

In puhlished Horas, even where the species of the higher 
groups are comparat i vely well known. as in that of Hawaii, 
an enormous amomit of work stili remains to be (Ione on the 
lower groups, including the algae, fungi, lichens and mosses 
For a proper interpretati 011 and correlation of the Polynesian 
flora, hotanical exploration must he genera! Regions slightly 
known from a hotanical standpoint must be thoroughlv ex¬ 
ploret! and at the same time regiors alreadv visited by early 
scientific expeditions must he revisited and intensi ve explora¬ 
tior initiated. The recent addittons to the flora of Hawaii, 
suppo sed to have been thoroiighl} r known. show the necessity 
of sudi work, Moreover it is of the greatest iniportance thal 
comprehensive collecfcons be made in hisforical areas in Poly¬ 
nesia, so that the systemati st may have at his dtsposal topotype 
materia! In the Sarger idands botanica! explorat ion must be 
conti nuo 11 s over several monilis or a year, especially in those 
regions where there are pronounced wet and dry seasons. In 
the case of sume species antliesis is continuous, but in the ma- 
juriiy of cases species fluwer and fruit at certain definite sea- 
sons. Whikr in temperate regions the collection season is limit- 
cd Hy climatic factors. tn the tropies the collector must work in 
the field in all months. 

[210] 
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Spedat attention ritoukt te paid %o etlinobotany; for in 
certa in retjions edentiaI fluita rm the une* &f piant? and |>la.rit 
producis by the nativa mult be scrurctl whilr it is stili avaiL- 

ulilir. \ effiiamla,r liamus- h>| planta firt? cif Spetia! 'luipuflflJlfe 

in tthrnvring li^hi an ilic iiiterrtlatiorLship ot native triljes and 
a? ari index tu thdr pos&iblc origiti and ciisirih-uiion. An ex- 
ample of itiis h *bown m the nam.es of such important ecn- 
nomic piant5 as the siip^ar-cane. l!ie cdcotiuI, llie bread frnit. the 
taro, and a nmnher of filicr planis and trecs which have ar- 
cLsmpamricl the Pn ly nes i&n~s i fi tbcir migra tkms and bave nar- 
rieil wrih ihtiu tlicir vcm^cial-ar nairie.H, by meatis of wliith 
thev may t*e rra-CiME ba-ck tti their early Eurn-ie- in the Matayan 
re^ioFi. Tli-e metho-rl of pnfparipg' pUnt protlucL* shuutd ahn 
hc canef ully note<l, such as the prepantkm of poi froni the 
tarn roni, the preparation nf a drink frem the iwl of Pr/vr 
ffhrlfeVf/rVieni, the mnn uf ^niirt; at lisirk-ckrtJi froin tlie inner 
Ivita af t1n i tmilberry H and Elie braiding nf mals fratri 

pandanuim leaves. Sncli nuie* Help ille eLhnolo^!^t to- graup 
trihes lia.viiift dinitar rusfccvms and simi lar arts. 

X^w pietbods miiFl !>e adopted in current field It 

shunld no lorgor 1^ permiR&iljlfi (hui cnlledors Inl 1 confcenfc io 
prepare cheir botankal maLeiial accompanieri only by strictly 
botanica! iVh[es. H-c *hoitl<1 sc-eur* ali puoible avaflabk data 
regarding kxzal nantes uses, and if possibk producta oi the 
piant^ Cl dlected r snc3i ns filiers, fe^Liis, (Lye*. isils-, iia^ilicincs, and 
tlic likc_ .\ 11 &a\h ibmihl aecnmpiiriy the aerual & 7 nxirtKns L 
[t ni ay Ijc recnrslcd i sn a field Ia hei likr ilia c devetopt^l by Dr. 
Merrill in hk Philippine work_ (See paper in this voluine. l 

Tbe collecln-r rmist secure a coniErreliettsive serias <pf speci- 
siit-nH repre^entin^ cadi nmnlKT nf spiTir^ c^llcCted, The .ivrr- 

aj^e llumlicr c?F duplicaies slnHald )k l^ L twr<'ii IO and l y Tisia 

marerlal nili tioi only sliow of variat ion but the dupli- 

cates will bt- available fnr distributiori aml excii ange. Plans 
Nhnuld involve gupplytng cluplicates not only io Pacific in^ti - 
lutions IitlE also in* the hirger botanical instituturus cif ihc wurld. 
\mple :mrl v^lL]ahl 4 fc tluplir^lc snarcrial avail>ilNle fmm resimi e 
regions i*; tisf Iwse pc^^iblc icivhtis ni s^curing attrntion frtsiii 
Ilie older in^litut-ioiifi of Europe, eapeciaUy those iiislitmions in 
wWdl the esscntinil Polynesian lypes of previonsly deseriIjcd 
*])urira are preKervedr 
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FISHER1ES OF THE PACIFIC 

OCEAJJ PASTURAGE AS ? D OCEAK FISHERIE 5 

Bl' W. E. AlL t\ r SCKIPPS RlOLOUlCAL I 

(Premilwl t>y imritatiOTi c«f tht Committet oti ProgT-snl» R?:nJ by 

Fi. F. Mwrc.) 

Anien tli-e more prominent ai mins fundamenLat inietests 
in the sea is that ol foocl supply. Fot primitive tiian 
?hit was the &ole and edentia! iritenesl. For dvilized maxi 
'Fiit intereat is mure or Ich* comple tdy ovcnihadowcd hy interest 
in tran&portaliori,. hvL it in stili pcrnii inibit to Ktfy tliat prtHliie- 
tioii of marine food& is of vilal importante* aiul that the degree 
af its promlnence In our thomglit me rei y varies with the direco 
i«fis <rf trur ricpcndcnce upon s-uch foeris. Vcry properly then, 

we w]hp jt^ hrre r^-.sLtJ^-nt lijkhi th^ ■fptircrl gf 

broad Pacific, ghrattld eloscly scfCLiiiise ali phasts of the great 
probkm» involy^d in imiatcnaiKC t>r exte-n&im of llit food 
resourcrc at cur gates. 

It h a universaI tendency ol huraian kind to be conterat 
w[|h tbr t>bviou^- to attcrrtkm to jpnoss phenomena, to Sorore 
prirtial causes and to hope to «vailc fin&l reculis,, Cho-ire fisb, 
fresS h iced, dried, s-tnoked 7 pkkled and eatmed, ha£ been casi!v 
accessi bte to nto&t of us. We visit ihe ocean shore arad se e 
grc&t =m imber* oi fish, We vi-ew great fleets of fi&hing boat??. 
[ 3 ie \Qry esEsreticc of which indicate^ a sufficient supply of 

fish tu a^nfc tlveir upbteep. te^d in tlie mjw-Hjiapcrs a lanii; 

t 3 ier larg* eatebes, in iriagazin.ee about tlse fi&her folk and iheif 
ways. ani in variows books about tbe romance and tti* tra^edy 
irtri the eonrmcrgial and politica! power liniiml rp ixi fi&Eierie^ 
operatiatis. With such varied and cumutative e-vidence liefore 
us, j| is 11 ot &Lran^e ihat most of n& think of fislieries probiems 
*s wTiraminE n_^th but fish, My part in tTiis- prflgmn «s 
to call attentior tu ttte faet liiat the^e- problema go deepet thaii 
ihat, and thai their Solutions deniarad excursione irato fk-kfc vastly 
rairatt and «nfamiliar to most of our peo-pk. Fiir tlie ^ako 
ol hnrvity, I musf c( in.fi nc mysdf miiiily to th^t one of tli^e 
ficlds wlikh aftoT^U -tbe toek bottorn upoti udiieh to build for 
atny adorpiate uiidcr&tauding' of rrarinc lif?. 

[2131 
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I refer to the fidei of knowlcdge of the phytoplankton, that 
vast asscmblagc of plants jnvisibly atriali, which ak>nc is capablc 
of manu facturi iig froui rjw materiajs in the open seas those 
complex sub&tances which can be lised for the susteiiartce of 
higlier forms of life, Eiecause it. like the green herbage of our 
pasture laneis, manti factures these necessary materiale and 
hecause, also. it. like the lanci pasturage. directly or intlirect- 
ly furnishes foods for all animals associated wkh it. we sone- 
limes call it the pastnrage of the sea. 

Olk own persona! dcpendcnce upon land pasturage is 
fairly obvious though mdirect. Green grasses and legumes 
manu factu re from soil waters and gases of the air starclie> 
sugars. oils and proteids which can be eaten by cattle, sheep 
sui ne, or fowls, and worked over into stili other sugars, oib 
and proteids pcculiar to their own bodies. We in turn cai 
the flesh of tliese animals or the milk or eggs produccd by 
soi ne of thetn, and then work thetn over into oik own sub- 
stance. Iu some rases we make direct use of the piant n:a 
terials without the interveni ion of the other animals. It ii 
fairly piain to niost of tis that neither we nor the domestic 
animals can manufacttire otir own flesh aml blootl from such 
sin:] de uiaterials as soil water aml atmosplieric gases. 

Our dependence upon ocean pastnrage is mudt less obvimis 
panlv because few of the oceanic animals which we tise feed 
di rectly upon tlus pastu rage, and partly hecause tbe individual 
plants ounposing it are so small a* lo c scape uur noticc. It 
is ai si. j possihle to be luisled by tbe notton of certain investi- 
gators thnr marine animals (even ineluding fishes) may derive a 
considerabis; pro]K>rti<m of their nutrimen: by direct absorpuoti 
of certa in materials dissolved in sea water. 

It is, however, Iwnming more and more evidetit as ktiow- 
ledge increases. tliat the relationshtp of living things to each 
other are strikingly dmilar in sca and on land. Probablv all 
of us make inore or less use of salmnn for fooc! because sal- 
mon flesh is easily and f|uickly convertihle into hunian fle>h. 
madvcrel and herring. Mackcrel live on stili smaller fish or 
squirl and small fish. Scuitl in turn have nsed fish such a' 
mackerel and herring. Mackercl live on stili smaller fish or 
when such fooil is scarce, tliev may use small crustaceans or 
may even come directly to use of the ocean pasturage itself. 
At anv rate, the small crustaceans feed directly upon thi' 
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pasturae. 1+ is also truc thafc a £0od many p^tcl iciOu s fisllcs 

nae the planis far food while in very young itages of dtvdap- 
ment. The pasturage in turn inaintAins itself by ming the 
energy of simlight for manufacture of food stuffa. When ive 
think m terms of sslmon ii scflms a way to the onginal 

fc»d factori en lucatcd in the tiny hudies of the marine planlkton 
pfants. When we think in Lentis of rnarfcertl or sanlities or 
musaeis or oysters, it is on]>> a brief spati froin tiny faciory 
to ultimate consumcr. In either case* we may be sure that 
marine foods. which w r e eat ire just as truly deriwetl fram 
piant s as ii the case whli any laniL food. 

Now it may aeem sirang* tliat platirs of the operi mra 
shonlJ be ab te to suppi} the requisite quantities of food for 
many ammgls tf thrir si^e is so smatL A very cominon 
kind of rhese pl&nts in Southern California uaters (jVj 'tzschia 
is abotit 1/4000 of an Sri-ch in iettgth, But srtiall size 
h compensate*! by vast nunsbers antl witle dktribiitian. When 
the particiJar piant whtch I hav e jusi tneruioned is prr serit 
in \cry moderate quantitie& F tiiere imy be about 300,000 indi- 
viduals to «ch <juart -of sea waler, or abcnit tweruy to eadi 
dtfrp of water_ Eiut sOftletimcs mtliviclttals nf thi^ kittil may 
W so n limer olis as to give a brownish «color to llie waLcr 
in u-hich ceh there may be &ome miEIions in eadi quart of 
w-atQT somt bundretls in eadi d^p of water, We a 
reeofil of area^ uf brnwnijh water of thi^ character sume fifty 
miles- in extern and proba hir some fatliacn* in depth. Surdy 
the amo uni of piant mater ia 1 whidi «cius beneath sudi an 
arts compara Fery favorably with the piant materia! frumi 

U-p^n a FiLrrular arca of pa^tui^c la-rtil. If ihis marnVc j>"laht haji- 

peuss to fiimish a mttriiioua fchOtl for fanlitaes ar for the 
minuie animab whkli ihey may eaL elicIi an area ii probably 
more priorltict ive of fi&h flesh Ft^r human eonsvicnpiion tiian 

^ SLmilar sera of q-nLinary riiijc land ptffrdiiitiVe otf tllt fl^h 

of ratigc tattlc. 

A nioment a^;o I mentioned ttie fact thal soine investi- 
fatora had gcjt the idea that rriany marine animaJs thrive over 
IlmS^ ptriod& *?f tlim by Mmpjy ^h^orbing nutrim^nl^ wtlifh 
^■ere to ueeur tli^lved itl sea waler. Tliere were twu 

Principal rrasons for this vic^', one the fact that; so m^ny 
marine animaK are ciught which ha ve no tricei cif foud in 

tbe ir Ira 1 ’; 15 ! th^ tith^r th^ suppos i Larti ihat lar^e 
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(judrhtities of mitrient substa cires had been found dissotvcd 
in sea ■water, C-arefiil investigation has shown that for ani¬ 
li ial& no usable quantiti-cs of suth materi ais txisl in thg dis- 
solved coodltion, but iio fulS EX]j-la.nitDim h±£ yct becri foiSIld 
for the frequenty wilh which the di^eslive iract of animal s ace 
tautid cmply, I liave noticed the paaealinjr fact that the tiny 
anima Is which directly fced ujwn ciie phytoplanktOfl <ar occasi 
p^istur-a^e) are scldom, if ever, feund m greitest alund^nce 
at the time that the pas iunge seetns to he most abundant. So 
wc And thai tliere are a ra umber of reasons why we may 
rssily overlook the importaOCe of the pasEmrage of the 5ea~ 

I laope that I ha ve indfcatcd suffierit ground frr 
tht assiitnptwn that withoiu conservative piant life in tlie sea 
tlicrc can hr no animal lita in the sca. that tn sav, nu fif-h 
Aiid Tk'. hshcriei, If tlse paattir&^f be scant, Ilie stmmLs will 
be impoverished both in flesh and in numbers* this bemj nti 
less true of our fishes merely becaLise tnost of thein eat atbtf 
animals. If the pastprage fac nfruiuSainr the animals nay in- 
citrAse both m fl^sh and m ntimbers. Tht&c effetts will be 
almo-st imtiierliately seeis iti the ca?e of very small animale 
wliidi live altogether upon piant feod. The> r may not Irf 
observable for montha or years m rhe case of animate so 
large as aiiy of pur im|iOTt?nE Cood fiilies. Even then, the 
efFcet mu st t>e sought for. It rloes nut appear withoift soiue 
care fui atudy. Perhaps the best ex ample of sucti ?tudy which 
has yet bcen made is that “which concerns mackenel calches in 
flir EngliA Channcl tar Bniish markets. ThiF 5 study wif 

made by mfftibcrs of the seientific sttaff of Plymoiith Laboia- 
iQty 5-n Eng-1a.nd e an<( while very imperfect, it does indicate 1 
isifJnence of plankton distnbuted sipc^n tbe si?e of commencial 

cnDchcs of TTia-ckcrel, atid it iculitatc^ tV«a.t twiofc qt sati- 

shinc irt Fcboiary and Marcii ineans more or fewcr inackrreS 
fer narket in May, Tliis is proba.bly because imich sun&hinr 
in Febriiary and Maldl means mwch pastura^e for the minnte 

animal* whicrEi ferdti a Earf^e portion «f food fer rnackcre] 

in succeieding niont&s. With plent y of food the macker*) thrive 
and they stay wirhin catehin^ cJi^taTii:c r \Vi<h scanty food tbey 
ptrahably g a tlsewbere. 

Iti th-e case of larg€T a lack of synshine in Febmary 

and Mareh of ont yeaf may eausc so pow [levebpment of 
paaturdge that Ehe very young fi&hes. canuol fitid fetori and 
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lbej may starve by millions. If auth & requires threc 

years to cxach maturity w< may tiot se e tCse evil cffeut of this 

Ftarv.atinn un-til wc npte the small num ber of a.diilt fish. j.n 

ihirri >tar r On the cwnt^iy, if we lenew notiiing of 
w? iriight bg surprisgd at abundatwe of inarketaiblc 

fish in the tbird year after a <>f Tirpch e-arly sunshin*, 

hcayy pa&turagc-, vasi numbers of microscupic animaU and 
thrivan^ little fis Jies. 

Snch a year of abunda nce would atnmt tertiinly cause a 
grcat inorcase to be macta in fisbing equipment for tbe next 
*cas*n which, himcvcr. might be esaetly ihe lean season due 
to £tarvafion of vast numbers cnf littlc ftahg^ wh-igh bas jus E 
b#eri refer red to, Xot oi^Ly ■would ali Jfchiug Industries hatidling 
iliat fish. suffer los& i bt.it it mi^bt easily bappen that tlie -cqh- 
centrated assault upon. a sparse pupulsiliun wcwld deplete it 

h^y^nfl rflco-v^ry. 

Assurcdly th rw ]f pa^tursigir: lk thus esscutlil it 15 impor¬ 
tant for thr continue! succtjs of cur tistieries, Ulcir efficient 
imimenance, possible expansion and better develbpmetit ilia 
we shoultl knovw something- ibant it. 

Betor e an iruelligeut stocliman electa a range, tic examina 

its capaci Ly for fumishitig fooJ for his cattle. The a nuunt of 
his cash oittLay, the siae of his estabiishment and the nuniber 
o-f cattle w r hit!h ha placem, is. detenntned hy his judgment ba&eel 

ilii this examinatio™. tldser aoqu^imartc^ ivith tb^ raii^ ma y 

e ause hirti to reduce his adivit ie-a or it inay enahle him to 
ma.ke important e^tensfona, He may find it betier adaptet to 
wme types of eattle than it is to oth^is. w fchat according to 
W450T1, one pari of the rauige may bc re vaKw-ble than an- 
&ther. As eumpared wliJi fish-cri^t his arc ea^ily 

r-e^dinl and his adjustment simply and ca^kly made. The 
ftshenwt is confronted with a much Tiwre obscur-a sind intri¬ 
cate seL of oemdition^. The oesan paaturafe h ncarly or quire 
invisib]c. [fi gxamiiiiti^ri expift kftOwkdgfi, %p££lh\ 

equipmcnr P and a comples series of tedfous operationB-. "At 
besr it ckies not secnn probable that hc can get 3 ny very dn- 
pendable conciusion ^5 to tbe piant fcrtility <if a given arta 
withcut a rn^ny ycam of ejtpensssre coopera.tive effort. 

Ii seems to hsm natich more immediately sati 5 factfiry r as we3l 
as mott simple to jsust ahead on Ibc basis 6f lucie. Rtlt 
wf too are interested in the t^ririnueiJ sueeess of chc fi&hermaTi 
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jn5t sas aie interestfd in tfie a-ucceas of tbe surcktn-an and 

for c-vae-tly tbe same rea^ns (hat vre try to heCp the stwkman 
in creas e tiis produetiort, -we Mugiit <ln ev^ryilbing; tn 

help the frsherrmn io iticrease his produc eion. 

But sqitk onc &ay& tliat it i? not po??ible becamc the« 
is no w&y in whkh man can. in crea w thc- fertility of the «a 
nr commi thc [listriluilion of its inhabitant*. To tha.T wc 
ffliiSt f*plj thftl a prOfeleTtl is nnt (O V fateri te iflsdlubEe 
merely becau&e it is iiUric-ate and difficult and lha.t partiaL 
Solutions Tnay have vwy lii^h practieal valu.es evtn if com- 
pkte solution is imTU&ribta. What then are the bcsl iin^s of 

alta.-rk Lijwm th; |]rgbl-crn nf |ih.c ferti City frf The sea and bow ean 

it btsl bc approathed? 

Let me say Srst tliat it nuist rot be suppcsetl fr-om wKa( 

I ha ve atready said thai the fisHierinan himself can do iwihine:- 
Mr. C- E, Bullen of th* PSymouth Laborato ry made -quire a 
Gtudy of fislirrmcti fi sign.5 as well as -of the irijcmscopic thitigi 
tt> be fotind in tlie ^iter wtierc uiacker^] cunld or couM not 
i>e caught To advanta^e. He inenitons &uch distinclions &f 

“stsTikinj^ ivater." "y*tlon? water r FF "bln* water'" and "fircis 
watrr, 1 * and nates the fact that tlie more intellij^cnt fithennen 
were eguite successful i-n predicting succe s* or faLIure of hank 
under cert&in marked conditions. So-me of m are suflficiently 

txperirrtiied to bc gbl^ (9 v^rify th?.T jgrt of |hin^ frOITl flur 

own observatione. Ii fc-e Mukl indues even a fcw fishcniien 
to- keep fairly derpendable records along such lines as Iliis, they 
vvouicl not emly hav« sons iirmiediately praclical valne but 
a real usefnltiess hi supplementing mure sp<cific HCientifin; study 
throu^h tlieir grosis iradications of various conditiotis of di&- 

tfabHliort (jf lu-iaig - ihinga. 

Biit F of c9Lirsc- r e ver if siich cooperati 011 by fis liermcr 
canlii bc firtUfrf, the mam hulk of t he worfc of irvesti^ation 
mu st always be of a higfhly ;npec:alized uliarae tr.T. On bccohti[ 

of ihe relative inaccessibility of Lhc sca it muit also always 

he very expensivfl and difficidt. 

Practically tta o-nly available irwthod for studv -of oeci"- 
jjas|ura^e (phy^|]]anfect*m) "5 by ^kjng” 5 ample& of The plailts 
fr-cun the prmits where ftniiiiE ta sMt latvi-ratory wK^re they 
may bn examintfL A iter ^aitiing; aequa i tatan.ee vilh tEie dif¬ 
ferent ftrin-rls of plants in a rector, it is neces&ary 10 a.ettimti- 
late recordii of wher-e, whcii P and under what partieular 
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comlifiorti tl]fv uctrur or live llihL ih rive. In imler io hU a this 

“ w 

it h mceessary nj «timate tlie ntimber* fountl in each caldi, 
Saich an estiniale mu st be ba.sed on ac hia l -cottrit oF a «ria-in 
fnction oi ihe citch by u&e of the nikrt^Kctrpe. In onlrr in 

Jiavf rnucli valite (lie catch Nhoulfl ln 1 - from .l i?k^iiLif^l 

[[uaniity cif water Estmutes «bt: Lirini In mjm.1i inelhotK m:i> 
hc fin |.K.-r] y iaEnii La.t l- cI r claisihed Atf «:1 i^ref Lllk reccnleil IU vuii- 
neciion wub statenwnis of every kiunui liiinn uhidi 
po^^ibly affect tbe or^ani^rns antl dvicrmiik- ilieir prc^fin/t in 

2 (nftkalftr loca"lity in any obsgrveri qiiantity. When aecurate 

retor tis ha. ve breri aCCumulaE e< I over :i per io (I u f imio ifiillv 

kmp. 3ometinie& years, sametimet ilKinle?-. nr im/wi u-HtitrieM 
it may be possible lo staie wi ih ver\ c ims iit lt al >1-e cnn A < I en ve 
thc amnunt and Jffind of pasturi£c wlilcli rna.v hi' fruunl Ln n 

L-ertain pl^Cr iHinler crrtaici cnntlilinn- E: 111 ■.* - n nnlit • m- <*" 

exigience can Iw amirately id^nt ilieal fur midi Mingile liasic 
or^anisins as the phytoplaiikton. ihat UcMtihcatioN vtill svrve 
as ,1 from which tu wnrk mlit -i m LI-lt ad-cntific^Ltimu^ i"r 

muxt comple* org^nium?. iL-^ri^s lisIL’ tluTr i* ;iLu;tv- itif 

clianve cEaal :t clue may lae Cornui tu :j slxirL cnt ln Mime 'd 
ibb valuable informat ion. 

As a mntEcr faci: Lt hi^hlv *«r- «1 i.i 1 ilv Umi ccfi-jiiii 

iMttirri may be farotijrlii rnil rnpiilk. Tlie Utile lik li ! Iinve 
alrt^ly r;lhI ijipo^tpninig; tish^vm^rT- -i- n- - n- -1 -1 - >, | ■ - I ■iln>, 
Fof evaml?le, lllere is a tla tertient ln Air. Mnllvn i>> t\u- i ik r 
tha.1 "ycllow water” points tu gpftl catdies uf inacken-1, ^liik* 

waLler"' inJica^s Itfjhl eatolic- or iinik-. Tlh> n-=! 

Ebirai Jn dctamiiTK tbf ^srttfntS of \\ty ! ilT^ri iit I, ii •!■ . f w ,iSlt 

with Ehe resiiilE Ihal ^yelkiw wtiter'' w ;i- fcitiftcl i.: fulltain etior 
Ttous quantittes -ol iwo ctrtaiti kin<l- ni c- ihi«mLs. idnV '"-i 
in^ wstsf 1 ’ c^ntained certain kinil- «-i' itiu r.- .■■.|.■ \A\t\w ■ \\\- 

Jlavf i>r] ?|;t nwn niririv ll -! i a- hv'] ;is i ■ L h •.■ r 

aniribalst ar*. 1 foiiml deatl-rwi ille biM-lv- wkui ! . ' ni' i r\L. i ve 

fk^undarKe of «xb micrQ&wpk -piant' ;t" n ■■^ vv. i r. i V! f •' ,•■•••''■ • 

VVith -stich points *f informalbn fpom whidi l& srta.rl wc may 

wKjn fisi-r| t^^t priMl^vp' m » t’ i - i-rL:iin kn !- ni l;n i 

in a £iv*?n afea wil! me-a.ii |K.N^r ciik-he - . f i -Ii ikuie I. -r ni 

s-idfrabie pi-ritMl^ of LiiTisr. posdbh f^r «w ^ mh.tl; ^-h-. i- 

Ii is ^iirilot^Niiu tc a situa 4 ion wliidi mi-ht ulvut ni! :m>5 ii 

loco sh*nW S>e ;il imh libiil l’ i -r ;l i ■■ j ii 

gwtft a ren . 
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After ali, hfiwevcr, the main thing which is fn Ite expected 
from careful study of ocean pasturage is a more exact knowl- 
edge of the ways in which oceanic conditions of life pro¬ 
duce iheir effects. An exact knowledge of the good or tad 
effects of slight clianges of the amount of salt in the water 
give valuable clues to the ways in which. such changes affect 
other organisms. And so witli temperature, light, density, and 
varioiis other conditions. It is almcst itr.possible to make di- 
rect study of iliese things in the case of antmals, especially 

hshes, because they can move about too mucrt, they are too 
large and too hard to catch, and it is impossible to examine 
such vast numbers of them. We can not be sure that a given 
condit ion in which we find them is either normal or abnormal. 

In conci usion let me cmphasize the fact that the problem 
of tlie relationship of occan pasturage to ocean flsheries is a 
verv important and fundamental one, Because of its diffi- 
culty it requires ali sorts of cooperation, as well as expen 

vvark, Only the other day Mr. Di 11, Chemist for the Canners’ 
Associat ion at San Pedro. came iulo my lalwratory rutnii 
witli a lol of questions as lo wlien copepod and other plauktun 
were tnost abundant, and as to how it was distributed. Hc 
explained hricfly some of his ohservatioris ou fat contcnt of 

sarclines and mackercl, and wc soon found that we were both 

cuger to get at explanatioris of a lot of the sanie phenomena. 
and 1 think hoth of us cotild see that ways might be worked 
ont in wllicli we could bo mutually helpful in hunting for these 
explanatioris. 

As I see it. we need a great many workers of severat 
tomis. a great many Standard points of collertion and the ut- 
most jtossilile degree of Standard i zatinn and simplifiration of 
method. Observat i ons ottglit lo be made cominuously with 
grcat frcquency in the Standard localities and by means of 
standardized series in other localities. There ought to be 
tliorough Standard) z at ion of metliods of handling materials and 
nf recording results. Our own Institution has aheady made a 
s:art in tliis directiou, and we wtsh to do our part in estab- 
lisliing sncli procedit re on our vvhole coast, 

niscu ssjun 

Mh. Mayor: 5«?a ariiimts art? generally well feti. The food suppi; 
i? abundam. Of coursc in the impies we do litid Les-s animal and plani 
lifc ihan in the coldcr regious, The plarit life in Samon was so meagix 
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ihrnl y r>ij ■w.iiilIlL m y (lier e wa4 gicsni? Jit ;i IL F"l nt tlialj i ■■ l>i.'t :tii *<■ il ii 

fili Ihii*. 1 iU3-:l rfst s h -n tbe Iu Ktr-s-ri■ TSlc anirn.il -. i|ci nc.it diif h>I >1:ltv 

isign Talft tJir t^r-aF far ■ 1 liii^T itrvcr wn a^> Ftarvinir 

rarafa. WImeucyct ihrre h a ircat rain. 6lnnisiuids and ihinisanda of 
coralii arr killici. CJnrc in Samon :iftcr a rain tlu- coni-. wi-rt cririiTed 
wiih emict. Thijr eouldn B l gei farni. Tlu-j diil Ln. k warvitl whrii I 

Lhtfffc. Ie it iMIU IittiiLtiH i>M V:i E^r -ITi.|i]le ikil is Li |;lI ^ 

■fisli. rtrW fchc .‘iliiertC* of frtcid 41i|f|ily iri tke L>rpin1 

Mi. !M-inikE : 1 4i«rw wLth Dr Mayor ihnt a Ji.il t -fah cLn iiot i>fa'n 

^ic nf actHal *i a rvati cm. ltut therc i* a tfreru dlrfcrencc Ln tlie cotidi- 

tion ifi fislie* in re^atd |l> f;i l iviiuen i it il i IT »-t n-ci e iitm-. ;unl tliLs i- 
il ii i' iii grati T i* llir rHjitivr iit kiii 11 1. niirtr £?f f-s-i iil. Tli-r ii npi'Thuil fj-rlnf 
in [Jir prr^nrr »r jilismcr of pliinklrm 

FtsPi wilt nnt rcnliin whtre tliprc if- j jcarc-ity af forad On Llsr 
inuilitrn coasl of Ktw Enataivl a W ym- ,iHm i heri- jin 4nr»r 

mou-*. quanliiy of planbtnm. ThiL? fishertneti made ;l Iwtv’y tai-cli ■-■ f 

The foJSon-iiift yenr iLm 1 wtr« prnotically ilin maiAcr*] 

]t Mi foLirnl thuit tfhcrr wns :iri i'\.It.m -ulirMiTy ^-r.-irrily nf p l.tstlc t<''ii 

\Vv .-Ln n£*t lwii^Y? ttiRl nuder incfr condit i^s tbc M lll t llFll AR Stflmd 

W skith. bnt thcy do go dfccwhcrt in 5cck food .ind thf Thermen 

on net tind Elicm Et is n-ol imprdnble hnwcnYT. ilnl i paudr- of 
ptanlctmi itw rfsult in the turvmli on nf ili* pokaic (nrvae of fithii* 
fthoEt ninFP EeeMf 1 mwcrs nf loftimmin-n rki ihi*l prrsnii i]iotTi ro l 1 -- lip in 
^nrcll fl-f w# rfn IctlOw ihjit tll^rp ;in- y<-m^ iafc wlrii-h M-hW 

IliinK hn pfw^iF t G i :l c ir ftdvpr»# tn' i l> v-r- ■« I t.i.- 1 1 - *n inf :i n ikimiKi-L-r 

nf YijliiLk fis-h. TIils i% licrinhly tlii' i.-.i^t 1 v. it Ii tlir hn-rriElK : iiieE it frt' 
tfupratlT haipppn% thii! far seTcr-iil V' 11 "'’ ■rnlch 2% pmrlii.-:il l\ lamii^. tL 

^ fi^h iHitcfied in onc 3 ^ar. -wiih fcw aiwnc "f ibe yc^r d-nsc* "f 
Stic urvrral sra^nnii immcdialrly prr-cr tli n lc or ‘foUnvinfr Tliis tnay Tif 
duc io Lnfivnrahlc tcmpcialur* or salinitr oonditHNit hui rlsc-hr cranli- 
rions \my aei ifldifteEly ibrough eIif fmd s-itpp-ly :i^ ut II dinveU 

nft hin• h'»!*. :insl larvaf ilii' na^£-lv Wr m;iy inih hi* ;lI il^ 1 i-> mirn.'4'i 

A defirer nry iri plnnlcLrirl, hp( l i in ■ Wn 1- w ri ai ■ r c^i^lyil •: 1 1.1 r . * 'i 

fpsiSnn in a ^av«<n |Hfft rkf t^r » t m ii^lit :il li -. ist thr |;n-nw Ei.-il : r i- 

?n advif-me the fiFhcrrncjv -n^t t»n wa^tc tl»eLr lime «n fnlU• -ffi-rr Um 
t<> whtT* fiph fond and cnnsf^Lu-nlU tln- ii*'h mial^s Im- huiucl 

Mk. B.AEfsCfel i Smnr ycarf= npo 1 li^icmd t" i- m>*-t in^tmcinc- 
fliscroirtf frt" Jnhan Hjort mi ihis miiiL 111- fnimril rm ihm Lln- 
li^rring rsirh in X^rway muld I",- fu-muld hvy ;d^nii finir wart lir 
lll-f EFmp#Ta1iirt in inis nf fln 1 nirrnnt - :i- fi".. ■- ippr... eli 1! i . ■ 

frF v. brc^UK 1 n-pnp thf fempt».-n 1.1 r.• .[ i'I. . mr-nU ■ hr inl- 

lW of tbe plinktrin nn ifii' C|i:|\vn|nq kiff. -IIT., 1 - - r iht' Ii' -TTinn 

Ttif routiff htrrmtc fry in turi upi-o rlii,- pl.-iikimi rr iiii.*- 

tcTiirwratune then, h too law ini produce iufa|iiBle f• ■«-• I llie ^«ni 
9f 1n !r iiiif wiII bc l&^' for tlic y-t-^ir. m M r>- 

Fridijof Xhhch hns wrifki.il inri -imuuIi i fuiI i'r i 'i r^ -l. tii f 
‘ll ifl (if rMrwn CiirrFnts and lln r i-fi ui ■■ i iht l Ii ln "■ nf \«»ru i\ 
Mi |ha| hy a mly nf ciifrentv- lliey nili h* . 1 1>1 > i > 1 ■ 11 llir -i-’ 
chit it will Ihr m^rr pfnfteahlr fur tlspm i-» l: ^l-ieiiiu « I - nr 

henoe ihan to far herriii^ 



Digitized by 



Original fro m 

HARVARD UNI VER' 


















AN ECONOMIC SURVEY OF THE SE A 

By j. Russell Smith. Columbi a University 

(Tliis papci is iht picliidiiiiry and unirrisci] lepuri of tlit Cofli’ 
miltec nn an Kcnncmir Sitrtfy nf th# S(a appomlrd by the Dlvliion ol 
Geology ar.d Ccogxaptiy of the National Research CotiaciL Ths oanv 
inittee consists of J. Rimdl Stridi. Chairman, fsaiab Kowman and 

Waltcr S, Towcr, Frcicntcd by in vitat loti of tht Chairman of tlie 
Conference.) 

What tiew Services can marine organisms render to human- 

itv ? 

Sir John Murray, the oceanographer, has said that the 
pro ducti vi ty of tlie sea is equal to tlie prodiictivity of the 
land. If tliis bc truc, and thcre is sina II reason to doiibt it. 
liere is perhaps the grcatcst unusctl resource within the re&ch 
of man. It is commonl) estimated that less than fixe per cent 
of man’s food comes froni the sea, and in countrics like the 
United States the figure is lower than that. At the sanie time 
xve obtain a very sinali amoutit of industria! raw materiat other 
than food from the sea. Tliis low figure of utilizaticm iu 
cuinpaiison witli the high figure of productivity shows un- 
realized opportunities that can only bc nieasured financially in 
hillions of dollars. This may serve as an economic messure 
of the need for the applicatiori of science to the sea. 

Kuowlctlge of the sea is of interest to geograpliers in 
exactly the sanie way as is knowledge of tlie land. Centura' 
phers are interested m the results of soil surveys, gealogical 
survcys, and atmospheric surveys. as well as hydrographic 
surveys, 

The promotioii of work looking toward the utilization 
of tlie sea is a proper sphere of activity for the National Ke- 
search Cmincil 1’ecause tlie Council deals with geography. It 
may bc pomted out that ne have a fish commissioni operated 
by the United States government It is also true that there 
is a Oeological Survey similarlv operated, Yet no one ques- 
ticms tlie propriety of attentiori to gcology by the Research 
Coniictl, 

To place the life of the sea more fLilly at the Service of man 
\ve need systcmatic scient ific stirveys, experimentation witli 
products, and education to promote utilization of pmduets. 
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Indefinite amosirirs of wosrk in each of these ihre^ fidds will 
ncs-ult if 4 huely nf men give Setinus and cprttitinrd attmtion 
w tlic p rabiem of inertasiing the Service- that the se a can reuder 
Lo mflTl. 

The que&rion cannot be dismissed by Hiying thar this tc- 
quires nceancigTa-pher!;, therefore kave it to theni- For examplc, 
in dfcsoissing the possiUe utyhaation of plautiori h Professor 
Henry B. Bjg-ekm 1 , one of oiir leading oceanoEraph-ers, says, 
J A lar ntore profitahle fle Id, I sliould t hiTtk, vTouId be to wr^ 
upon the prblic th* use of The perfectly good fis^es urhich they 
nnw refuse, e. g. the goose fish r the various itulpins, ttc . 11 
(Private letter Feb. 14, 1930. ^ Wherenpn Prefessor Bigdow 
then very properi y Kasfened a.way Do sea to continue hk =re- 
searches cancernins; plankton, a field in wbich fte h-as very 

gffltly incr^aspri humaxi IcnOwLcdge. A wtll-knmvn marine 

Eoologist desciibed the situation by sayin£ tliat scienti st i work* 
mfj "walh the sea liave often reported great rmaases o-f varicus r 
species, both animal5 and piant 5. tkat pmmise ^reat n&e to 
snan jf ^Kjjerjm^nt^tion can tw; Applied. lliit aS 

3 his zunlugist rernarked, the scientisi.s repart tliese farti and 
theta drop ihe matter, TliEs is quite natoral., (or vvhy shoulid 
a man sludying plankton stop and give artent ion to th-e scallops 

r jf wlji^h hq a^id^ntlv rjisc^ivcT^ of ri^hneiis cfrv^r- 

iiflf* hunrlreck cjf sqsuare miles? They are aside froitt kit field. 
Thev are tiot aside from die field. of work here pre&ent-ed. 

The probterns of economic utilizatioiii of the sea if con- 
ceiT&J in anything like it& fuII sctype beromes prima rily one of 
pitMnolion. First- find wh&t wprk tikJs to bc dane. Then. 
fimi sume caisting orgatiizarkin whosr proper w-nrk ss m under- 
take il Laslij p t poiist out and prosecute the Teatiainiing; un- 
Iciqched or unsolv^l probtems. 

Consi<ler for e-xample^ a specific prohlem. T^ke the cas-e 
of some pelagir mol!visit ot ern?ttar€Pir which we knou r is fnvimE 
from i ime to lime iri tronles of slic|i estent that va^t quantities 
coi 1 Id \>e (aken by tre^sels praperlv equ-ipped. Two types M 

qurslinns at once anse, 

Fir^t. ho^v may tbese aniniah be ohfahi-ed in commercjal 
quantilli? Tn rstitair thzwn regularSy rcf^iircs r^acr kiltswletl^c 
as to and -wlicn rhey rhay Ijc -fttimd and how tliey may 

bc rangfiL anrl hardkd. This means that we necd tn kn/nw 
rthaC Controls the food snpply, a^itl iTwj-vciiie-lUft frf 
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the plagic hordes. This may require care fui, systematic, and 
Jong continued survevs of large areas of the sea by specially 
equipped ve&sels. which may at the same time gat-her informa- 
tion of use and intere-st in many other ways. 

Sccond. how may the se mollusks or crustaeeans be used? 

i* For human food. This may require work by (i) 
educational institutions intcrcstcd in domcstic scicncc, or in 
physiotogical chemistry and nutrition. ( 2 ) by spcctal founda- 
tions intcrcstcd in hcalth problcms, cr in improving the condi- 
tbn of the poor. ( 3 ) by food rnanufacturcrs, restaurateurs. 
fishing and other industria) corporations. Any of the above 
niight be persuaded to niakc experiments or investigat ion 5 bc- 
cause their interest was attraeted to the possibilities of this 
field of work. Lastly„ investigation of the human food aspect 
of the qu est Ion would probably resuit in knowledgc of which 
the proper utilization would require much definite educational 
work such as is indicatcd by Professor Bigelo\v*s statement 
tliat he thinks it "‘a profitable field to urge upon the publie 
the use of the perfectly good food n&Kes which they now re¬ 
fuse.” This is in itself a real task because of the senseless 
conservatism of man with regard to new foods. This phase 
of the work of betiefitting man is distinctiy educational not to 
say propagandic. 

2. Animal food. If our mollusk or erustacean promisi 
greater use for animal food than for human food, it is of 
partictilar interest to swine growers and poultry growers, and 
as a prcbletn in either of these fields it might pnoperly and 
casily be uiidertaken by any one of several of the many experi- 
metit stations now organized in the United States and working 
in many fields of experimentation, with varyitig interests ac- 
cording to local conditions and the interest* of the staff, It 
is a problem in promotiori to get these stations at work or 
these problems which in ali propriet} belong in their field. 

3. Fertilizers. If our mollusk or crustacean promises to 
he of greater use as a ferlilizer than as food, this again might 
appeal as an object of pioneer work to many ex periment sta¬ 
tions. to fishing corporations or fertili zer manufaettirers. 

It need scarcely be mentioned here that an indefinite num- 
her of problems somewhat like the above actually does await 
solutiori. 
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At ihis point it should bc emphasi zcd. rhat the great 

probitens faeing 1 tbc Ameriam jmbliq in its ffocnd suppi y is 

not fcieu foedi fur people but nc w futuis for domestic: aitim&ls- 
PenpSe change their footl habile with great slo^in^ but prie^i 
infimate that we are in an acute sitiiatbon vwiLh rega.rd to pro- 
Ecin fpiria for r*UT great pro te in supporta poultry and &winc, 
i f by eKjwrimentation rhc can hi made to give a cheaper 
^iibsi itut-c for cotton Fjeed mes.1, |in*cetJ nieal, groun-d meatrerap, 
isti tepe, or dmrf fish n an irdu&trial ontlet i* at onee provoletI 
for a {aroduct 'wQrlh E-?au^-, and sburtly hqnd recta, nf m iltimLM fti 
i£j[ IA fi pef Jiif, flflt! huittan foiOrl iiipply ta at otlie thfrugh itl- 

direclly benefited. 

Tt is dc^irable to pmnnote scicntific work in alL directions, 
aS^lrict, systematic scjenee thal may ow may -nnt promise 
ucilities. The ?cicntist knows, of coprsr p tbat ori tlic average 

ihcrc is vk> sueti thEng as- uspleSs scietic^ and that tkc tliffrf- 

enee between ih&tract and applitil Science it fading away, 
^'eveitheless. the low slafce of systemalic su-rveys of the sea 
and onr essential ignoraroe cooreming it cari be advanced as 
pfuuF of the difficulty of pettiTi^ suppart Iot so-csilled abstrsict 
rather than appliecl sctmcc. 

There are really twro way* of getting worlc done on the 
pr^blem* of One i& lli^ dirwt appnl for the 

ib&tract sri^nce u.'hich v^Hl of oourse prtwhice incnlental Util¬ 
ities. This iH]tpL j ki ] is Eliffjcvlt tn mnkc yaith fi nanda] succe ks. 
The ather atul casier appc-al ■* to itart indiistria! |wob- 

lians whrdi in theEr developnscnt promptly create atirl demon- 
the neee ss-ity for absimet jnd systematic scienUftc work, 
Tt ts- t.isily p^ssihie fhiit ttie best way to pet rurtain system- 
atic jyianne w-uiVeys maile fo start foaehmg peOplc h*w 1-0 

use some tmrine proriuct tiow unusetL 

Your committee believes thal ihe time ha.5 come when the 
5-urvcy of the sea can be greatly pr^imcitefl by a typ c of scLetiufir 
premerrion indicate] by the above-stattd hiypothcltca3 ca*e nf tliu 
problein of the pelagie rrbollusk or erustacean. 

It is not primaTily a prob-lem in octanagTs.phy r rnarine 
inologry, marine botaiiy. fishing. bwtnan nutrition, pliy&iological 
clbeTni5(ry n plani Tuitrition, swine feeding, p&nllry ftedin^. food 
preserving r or food introductor. It i& P however, easy fo see that 
rtiany Or ^11 ^-f astivit>?5 mipb-t -rail^d \nU> setviee a.sul 
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atso mmy otliera in tht sol ut ion of any one of many pnobltms 
that aw-ait, 

]f thc fidd is couccivd in sonte ipproath tu it* ml siac. 
and a eanvass made o( the wdtIc ™>w gorng cm tf specifie problems 
of great promsse will begin to tike definite shape. It will tben 
appear heTe P as it has aireidy appeaxed m other ficlds of wOfk, 
that much. incrta.se in work will be achieved by ejtisting 1 agende* 
TTiercly becati^c there is some Central bodv □£ infortued tnen wbo 
cait serve as a clearirig bonse. Tt is doulitless true that many 
tKped itionis ha ve gone on specific and costly era-a-nds wHen F wirh- 
out propo-rTional incncase in co$t T thry nnight easily havc l*en 
enlargcd by rhc additton ttf vnembera who could have earried *n 
other investiga tions in sonte of ttae ah nos t innumeratale fields of 
marine research. 

One of the -definite nctds of thc day i» & stxong F permanent 
ar^aniistion of some sort li&vnng for Us work thc whole field of 

prqmnliun. of knowleilge of the sea and the utilization of ks 
rrsources of a ny and. ait sorts. 
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The fishSrieS 0T JaFAN 

Et K. Ki^irixoirvE 

The fishirg indusTry in the Japsntse Errtpirc i? bki dflnbt fhc 

mosi important f«d source of cmr iiation, our people feed on 
rite and fijtfi chiefly. As you -well know* the empire o( Japati is 
a group of sni-all and thickly populated island^j and from tbc 
studjr of shelWieaps I foimd thal itie isknds of Japan have becn 
frrwn ancicnt rimes the ccntcr of a very hig ftsbiug - industry. 
The peop]# livinu <>n our islamls in pnehistoric titnes wcre of 
CDurst rl i flerent from the Japanese of today< hut they eaii[jht 
alnwfit the kinda of ftah a a do the fistwrmen of today. 
They can^ht fish along the shoa-e and also deep water fi&h, Jt 
ivas 3 great &uTpriw to me when I found skelGtons ol bonitos 
and! out tommoii tunny -in ]argc -quantities in the collectiori* from, 
sbell-moun.dK, At fi rei I iho-Light they came from fertilizer, tnit 
tm ijlosfl in v^igat^n J JV^lircd l^t tfofi farmpTS of tflttt dii&- 
trier Jud nerer tised ferti tozr.t. TE»e depasit consisttd nf a tleepi 
layer of &oil tievtr disturbed. by people, tmixed wiiti -crude pat- 
tery and fialhing ircipievfKftts made of horn and tone. Most of 
ihe fish ■esteenuttl hy mr p?opTfl Today ^<r* tafc«n by the- pre- 
historle prople liting in our islaisds, iti much the ftamc mantiet- 
sf fg-daj. 

In consequence of the small arnount of larti to bc culti- 
vatcd P the pcpplc living- or the small islands jjet animal food 
only from the water, for they mnft-t spare scn-tie land for the-pur- 
pese if they wish to raise catti e or fowls, and tialurally they gu 
to ihe se-a for iheiT aiiimai food. So owr fiihing itiduitty ^-as 
rttvekrped and our people are iiscd to the aniioal food ohtained 
cliirAv fr[ 3 m t"ho -st*. We also use <>nr algao to a extent 

t>r food aiid iti the matmfarturt of glue. U'e use al^o marine 
inverfehrates. such as jelly-fish, sea-LirchinSi. holothurians^ tutbi- 
cates, tie&idcs cuttlo-fish and BheU-fi&h whichi ive eollect in lar^e 
quanLities. Pishing 1 in th^ d^ptlis is al^ ^vell d? v ^iQp^cl Pti 

Japm The Japanese fislierinets eatth fisli somehme^ at a dejith 
oi from 3w io 500* fathoms, They sometniii» go off shore to a 
«ti^anec of iiw or ihutc- rtiilts for tho puifOU of 

The rnrchocSs t>f finhing a.re also intcnestEn^ in some respeets. 
The fi^lieriiieii usetl to citch fish by searing and drivin^ them in 
Fchools to shallow water. But recently they liavc diseoivtrci that 

[ 22 ?! 
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this Triclhorl is Tw?t 3. gjOtid one and they gcrierally tlS£ l3ie method 
of att-rtieting- \hz rf 5 iih U? shiur-c; 01* to any place conv^^ient for dw 
catek The fithermeti accomplish this by providing; shclter ot 
shs.de or food 1 or they attract ihe fish by the use af «Icctric li^liu 
or (orches, Artificial hanks are aEso lmilt and inanv other 
«.fevices «seri. 

Wany in funesti kinds -of fish lines are [n usc. To calih 

fisli in very deep water they usc -cKactly the sa-itie rnelhods as are 
used in spundirij* tlie great deegis u£ the ocesn % A. bsr or 
spreader i or 4 feet tong is aAtadicd lo the lint and irom the 
ends of the spread-er snoccU with IlooIcs are hung:. Hesvv 
are aeccssary to kecp the line straight: a scotit te 
thcreim-c: fa^fcncd to <hs midrlle of th]^ har. The ime Trui^t br 
very slendcr and very jrtrqnu_ The fuihcrimn aiiifes it down ven 
cydckly to the bottoni. When it touches llie bottoin th-e stnngs 
are boae neci and tlie additioial nweight is. droppetl. 

Then tliey haul in the line rwo or three feet and ketp ii 
lietw^en two fin^rs, As the spneader is lon^ the bhe of s fish 
afooiit 1 pgttind i.n ivciplit 15 tasily fclt. cspccia] 1 y ai the fi-ngtrs 
of th^ fiflhefinaii kfl Vcfy SelHLtaHAi. When he haul& in the tine- 
5 &Tnewha,t ihe deep-wa fi&h comes tp the surfate hy means of ite 
pwn buoyancy bec&usc of ihe distended air btadder. 

Now let me e^plain a lanp line for tntinicR as an e-Karnple 
of the rort of fi?hing implement ■hvhicb i& ustd «tensivdy in 
fEsfferent fishinjr jjroimds for the capture of certam fiEhes. The 
ltmg line is npl used stl other CGnjntifiEK so far as I know for Eht 
capture of lunnies. 

The hinnies are ^enerally lar^e atid very avrall swiimneir 
Thcy ^0 down ito or moro fithftnis ai onc^e when they bite the 
hmik Hiat ihe line Qugtlt tr> lie very 1 onp, 1 200 feet ni line 
litLng U^fl- The lon|*- line th bPQytd Ici tlnft IU the 

]ayer of v/aterabout 10 to so fathoms ursder the surface, depend- 
Ehr an the tennikrrafure the wateT. When the \water is -waftri 
the line gfroidd lie kept in ^hallpw vrMter; wlten the water i& mH 
it shoulil Iit sitiik deeper, Afi there a^c 5 tpetiti of frnnie* iu 
onr watcts and sonie of tlieni live in deeper layer^ of water, tt« 
flsbernian sometimes uses snrH>ds of differant len^ths to caich 
different speciei a.t rhe same time. The hook of the longest 

&iv>rid hes abr^nt +0 fath-nm* or below tbc surface ol tl 1 ? 

iviLtr. The bttoy usrd at tlie ssitrfacr has so-me baiEibop rods licd 
perpendfcular to it and a flag is attached. Wher the fish bites 
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the Jiook the flag and buoy [li?sap[3car in^rantaneouslj betow the 
RLrrfice. and at that monient tlie fisherinan ca felies thc oiheir buov 
Brtd thcn gradually hauh in tht lirte. Wlien thc tunuy rnns 
abotit ico fallionis as Si sonncrimen does ii probably strllkes thc 
botl-orai a little tircd; ihcn the fisticrmen lic^in to ftaiil in iPie 
line, Bui. svheti Mh-e- fisli beeoines. active agam the ftsheirmerL 
slarke-Ti thc line an(3 lec Che fisfo go, When flity ha.u1 in the lire 

a.[|[3 rhe Jisll comta near fbc suufacc it is harpf« ned and brcuJght 

inio thc boat. ThLsi ii thc usuaE way of eatehing thc Lutmy. 

The tLinni-es s^imming near the coast are restrieUed Io tliree 
ic h on 1 r. They a nc ca-Ught in lar gc t raji-net*. ch tefly in m muner 
At [his poinl I wish to tali attcntion to a pMnliarity En the 
jnaromy of umnies. I slna.11 nol state Et in ilcla.il as it will bore 
y >\l very mLich- The bcniitos and tunnies are q-itile «different 
arom other tdeostomtm* ft^ti in h3.vinp dark ned niirsdes deepJj 
silualed iti both sides of the verLebral oolumn. But thq&c fislies 
are classi fieri in tlve &aine fainily as uiatkerel, and others. 

Tunnies and Ion iio 5 ha ve very wrfl devcliaped subcnt-aTieoLis 
hJoofl-vesscIfi- Sn fa.r J kriow thi& has ruot been shown sti 
scienti fle papers_ These hlcod-vessels are different tn different 
species, genera and fami Ii es. Tliey are connected witli venules 
an.d arttriedes which ffrrm a shert on rhe apixial side of the 
ikrfc-red (Hirtiora of the lateraE mu scie, 

Thaf dark-retl porlion containcd in one 5|>ecie!> of tunny has 
fhtineen lime& as much blofMl ather pmns of the flesh r In 
sonic qt tiinni-^s -these liktod vesseis pass. urader the thinl 

rib. in otliers nuder i!ie lifih rib_ Desides this plexus of bloorl 

tch^Is, find two other foren of plcxuncs on thc fhi-rs^l siirface 
of thc Ievgt. One forni as foutfcd as a tluck ro:l in the LrrllU 
under tlie versebral colnmti, in the yellow-finraed Uinny and 
honitoi, The se ple?uises are pnobably relatui to some inter nat 

wcnctipii, 

In esu relati on wirh the [lnrk-red coloretl mtucles I have 
+onnd rnatiy peculiat analomical fcalnrr^- vrhkh will trc flis^tssed 
in 3. pgper now bein^ prepar^d on the sp-called scornlrmid fishes, 

niBcuflsins 

Mh. I-k-\ 5ep-: Vi hat is hrins diHic in chi- srbt>nls 1 «■ icadi Uit ^ib- 

.1«t nf tisIfCFJC-i ? 

Mi. KicunmrvK: ln ih? Univcrniiy Tokjro liare .i Fcciioti 
fi&hrries: alvi in ihe Urtivifiiiy nf Hnktuiitlo ili?pe Is i fidieir 
InShEnlc Vclonginir to the dcTJFi.rtrn-ent yf Agritl^lltlil^. Tlltrt carry 
rm eiLitca-tsofi as well as Tkr ^r^ur^c? tii-volve* iheee yejirs - 

sturiy. VVe ais» have ^r-adualr ccmrSes. 
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Mjl WrtVMt; I* y-Qnt y^jcri idwt tN liVbmjr mc^h^ 
othtr ctmntric-5, or to keep yoiir oivn? 

\iy KiaHiKfluvz. Japan wbaJita eo koe-p Ih* ald irullictis -eE l^hsnf 

511 th* samc tirhc to rt<w Gt1*i if thitf Jf* SykjiMe. fiCI 

ideas ^rcrn au r fifth^rtmn. hat we givv tknot n^w -mcthn-iJi also, Thtj 
arr proud io t£o a$ tbeir arn^siors J5J tbem. 

AIbl EvErm^nDc 3 have bcen very mucTi inicrcsitd in iht 
methods n f dccp-hci fthtiLng cfrtwribtd li> Mt. Kislnnonye. 1 :nn ic- 
rnmzleil uf rl^hiny, u'kiL"h E cmIcjf did ai ille Ptd £rtippt b E IdllLs in Elie 
Culf of Mcxku. pfcffcklilMty in th* 44*1^ flf ili* uriiy (Itf hsln cm^ 

tcn ih-c vurfiice Inecause of ihv cntlttmilmi n-f r:i*c* infide tlaei-r ImilIie^. 
Wc ^Islteil at a deirth- of fritm W to JO fntlnini* w ith a Imr^c line *nd 
a .i^i pound amicer. The lower parL nf tbe sintar ciir-sbapcd. ibc 

eup heing filted with a misture tji lnmswnx and (ard in order tu 

hriiig up amples cf Uk twtl-Dm. There- wrre lwt> hooks uved. Vfhen 
ihc fiih rtre b-rou^rTil up it was alinost in variabis found thiit ihcir 
alom^chi liad betit forccd inio tlitir moulhi heu j List cf e Iu: tipan- 

mm ol giu in lEifiii, and ihe ^pewiiip a r concentu i*'gt« [hr^u-n otii 
ewi d*rii. 

| ]el;l lIc lEit EPtp ICf JU1Y* tllir Sp* vCiliff l. Tltt iOllliHlfc Of tll* 
stH^niadis tlif^wii mise p-ro-ved io be eKcetdingly imte m-ung. In a ikw 
daj _ B 1-1111 nruHttj' mi^lilLL Ash in. sil soffrs oJ dsgesi ion fr^cn the 

■sEniTiachs n-f tlic Lii ipcf 4in,-eA. ^m^iiiiitrs i hcj* were Jieurly (Li^L-SKd ; 
w*Ficl«Tie5 tbe?' *t'l| rtiic, s ^t ij difF r i-^rn ^^ 1^5 a>l «e»' 

\o Ptknct Thcy fimtd uin tuivir bevrt jtfltivik in aiiy oihfr waj, Tticy 
wcrc loo sniflll to hc cnnjclnt rut a bnok and Irnc. P>" leti in* (hc Tnl 
ynapper ctlcli iheir hr^t rhen camliintf the rvd tnapptr. we eoi ikc 
f^nsfill fith we ivanrtnl. Dr KkhirtotiyV*. drawinm& -are of e-slrem* 
interent They m eKlra^rdinaeily 1 pood piKe oi work. The 

scombroid ha ve been Kiudicd only supepiicially without euttinu 

up ihc Hsh, hnai hc- Has potlen deep-sc-atcd anaiamie stru-cinre^ and 
neu- - Reneri e charaeicrp unknawn tefort. Tbe 5-p«idc chjracce^s whicli 
Ite gers ero^s heciionE of kht verLe'br5iie5 r the L-uc-ation of Moiwi- 
vch*i- Is. and the c-harncltf oi tlse musci es. arc exirem e3y valuaTil*. I 
want tu m y iLppr^iatintt 'A ili-c spl^-ndid w«rk Mr. Kihh:nou>t 

hris donc in the ssudy -of Moniliroids. 

Mil E.i^[os3i*nN: h tlirr? cvJdriicr ai deplet ien ? 

^■[fb Klsmrcrivve- Yes. ¥Ve are indined la beltetr#- Ehat our im 
portant Liihf* sre dtrro-asirv?. e^urse the loia! artieLfii *f ai^iaial 
l-cir^ 1 will reniFuin constabit, "but in m^ny bays and Enisis cennin of the 
(w\d iishes nn 1 (Lcc^cas i nfi. iTic» sardEncs, for esj.mp.lc_ Tliert s^rems 
to L>c no drerease in tfiose lisb r har fi ave pelagie cg^s. 

^T-k. EviUMAEfJt: Do chey gc:. scambro£d«, neat \Ya ipnwnin^ 

is if-ia mvL-vc 1 Vcs, Large school^ F-pnvi-ri neir &ur toasis in JuEy 
mt\ ^LigtiFfi. 

Nm. Fs^stiti .-^re you u^inj any canstr^ation nketfHKEf;? 

Mk. K isHlsul _ VE: Wi r wo Ilivd n elmed s^asfln. 

Mp. Mudile: Somt y*nia a^ci I tbt riihcri*! e-F Jflpan wkdce 

Eli e KuidAnce Mf_ IChiltfHtiy# Siji™ tlat [ime I kavr ohrn «nn- 
[ Erred what mir raee ^-ill rln.i ^ •whvn th-e tand becom*a ovena^cd. hu-i 
E a"n cnconratred ■p.-lien 1 tbin k the Sar^c atubum 4^f fislt J ap^n 

ex.tr. 10 ts frvm Ilie sca, ftjftd hniw Urpe -n population txiftt an tlic snvaM 
-Her^^ijie 5 Lvai 1 ah 1 v for lillj^fr. Tlic J-aparieEe fislic rn-ien. ^-pe rfS4?LlTCC^l ,| l 
jnd ingwiwu-v Dr. May^ji qi^ion slf It? ^liclhtr the jaimncse -wcre 
t^? continue to um* iltrir rj^a methods suggeiEi to me tfut ottoer 
■WUrtUicS r£m3d fldopi 50 me of Juparvs methods co jdwant 3 Ee. 
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CON 5 ERVATJON OF FJRH RESOURCES 
Ey C. M. Fras*;k 

!n my op inion s&me definite recommetidition to the 
n^ttsfi.[|y pf c^ns^nf^ti^ tN fi&h supply shculd be madi; by 
lhi£ Confeftnet. I MscVc it is [giub* pOs^ible for the hunan 
elemenl to interiere very largely in th-e arnoum of (isti. In the 
area in which I hav« deme most of my work the slriking exarn- 
plc rs the disappearance c-F the salinon in the Fmser River. For 
esilUplc the sockryc has becAme almust a ne^ligit]? quan+ity. 
The Frafier river and its tribu tari ts ii ille greator -sp&wniMg 
area suitable for ipawuingf salmon in the worid. Becauie the 
sockeye is the most vahiable it hos receivcd the tnost attention. 
lini pther species also ane goLn^-, The Kmg; salmon and Silvcr 
alrrion situation is scrioiis. Thest speeies can be caught in the 
open sca at the Strabi of Juari de Fuca and iu other places. 
Tliey are caughl wlien two or three pounds in wcight which is 
a great loss, beeause if left until maturity they weE^h from 
9 to 3 S pounds. The Chtnook salmon ea^ is -wurfie. It tnay 

Live for jor 6 years r hui it is often caught when 2. 3 or ^ yc-arS- 
Yet it icaches ivheti mature jc or Ko ptmtiels.. The fish caught 
now are rrulch smaller than they should bt. They do not a 
chajice to mtu re. The halibut is of considerable age when it 

Splwns, Yhat Tii^k?5 the SltuMfo™ ™?re K^ricHiB for flii& fpcdt*- 
With tvthjer fuh the cud nr sn-ealled eod aueh as the litig eod r are 
detreasing. The satne is true of tlie red cod and the rock rad¬ 
it has bicome s* serio lis in the last y*ar or two that ali the men 
in the industry feel that sortiet hi ng should be done, At a meet- 
itig of the Can ad i an Fisheries Association in Jun-e t hi s matfor 
was tiisensjcrl, The attitude of the yotmger meu in the fisher 
ies is etteo4iragifig_ They att v^fy nnicli in earneat tai their 
ilrsire lo clo somethirg to save ihe aituation, 

A Considerabit amount oi disciission. lias b«en foin^ 011 For 
sanie time hetwceu MrwfoutidLaml, the United Sistes and CanAdi 
to means of cooperati011 for cons^ervatdon of fish. At a m^et- 
inK of the American Fisheiies Soriety to be held iri Gltawa on 
September 20-22 jverhaps spme plao msy lic dcvistcl to bnr^ tliis. 
about—not a ]arge exteti&ivc plan but a General gct-togclher on 
a pJan of vhotU to- be done- in each comury. Th^e C ana d Lar F 3 sh- 
erits As^ycciatiun wcnr coi rectiof a* supporting aity mt^v^ment of 

th.it kinil .ind votcd LO meriti a ^Lelegate tu aLI inCetingS -lield anv- 
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where wtthin a reasonabie distance. It is as a representativ* ot 
the Canadian Fishcries Association that I am here at this ineet- 
itig. It seems to me the time is more nearly ripe ndw than it 
has e ver been. We ha ve a large area of Continental shelf. a 
great feeding grotind for fidi. A great deal of good cmiTff be 
rlone hy a biologica 1 investigat ioti of the waters in fhis area. 

The main tronhle here as elsewhefe is the diffictilty of gel- 
ting me» becattse there is not money enough to pay them. The 
facilities for carrying on the work are there. I think both Can- 
ada and the United States are in a condition of mind to support 
such recomniendations as might be made. If you choose we 
might go on recortl as to the neces si ty of providing men and 
resmirces to hegiti an investigation. 

It is nol a national question, The fisli go into the streans 
of Japan and Siberia. It is an international question. 

(In response to Mr. Fraseds suggfstiqn a committee wm ijj- 
potiUed to draft rcsolutions ontlitiing in ve sugat ion s needed in the formu- 
Lition of iL^uliiliuib fo: conserviUion of lijilierjtrs, Tlic cgniraiitct 
mnststs of C\ M Fraser, H. F. Mndrp, Jns.pp1iine E. Tiltien, T. C. 
Fryc, Barton W. Evcrniaiin, K. Kisliiticniyc. Georjie F, McEwenJ 
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FXADISQUACY OF STATISTICS 1-lAlIE- kM's4 
By H. ] ; MniiMK 


Ore m&re lltaiief i Wlilk 16 jtrcMiiil : The rpt-iwm uf .-ln- 
ttsti-es- j-s liighly iinfiortam in deicriniiiiii^ rncllmils cif mii^-rvn 
ticn. As mitten stand now we ;ire uitliout arlei piate data . ,f 
[har kiral. We knnvr in n genenti tv.iv tlint we calcii n certum 

iish iai a ^ivfti ftcciidJii, hui wq itn iu»i kmiw [v i\\ ie lia^ lut-n 

iikcii. The Hureau r>f Fjshcric* niiiki^ a territi u-iril -.nrvry whirli 
*uay oover the couivtry by seetuin* oik-c iti fivt vea-r*. Iu that 
wy it not ottly &ives ihr tot ai rateh by ^igrajtfikiil areas, imt 
alv* ihe catcli by rhe vaxioua hintls h? r" a|^|aratio, whidi fsir- 
ninhcs ns in soim mcasure a ya.nl ^tuk h\ ulmli -■ r r.in niLVL-.nrr 
I ht actjvitv or ■nlmsity the fi^licrio. Ihit l ! t :H : - 1 -in- ii r iK 

ouc-F in live vefiTH. W-e liave nu ivlit nf lulliii^ irlitdier ille llfili 
vear was a. norinsl or an abnomial yeaT wdvile tlie siari-iic'* 

are reasnuably ^rwwl, tliey a.re valiiahU. 1 Imf imliKtrml railn r ih;n 
Mzitlltifir lisc -ni 1 '! siti 1 - tui t Hinubk' J«»r tlsi. 1 biiili ^i-t \x lio k taklnj^ 

up \hti study ?>f the effecta *f the* Ikln-rbs «m Ehe iiliumbiiru :<m«I 
distributiori of tine fishes. cau^lit. 

It wems to me rhflt it lni^ht Ise milvi -nIsEt* m ourmr-clinii wilh 
ille [3ni]KJM"d r^siilLiti»nis tu silchiEV th nm'liliii" lli;-.l ill i*'Yx‘T l.I illI 

point. I luve an«mpc«l io itse statisiltw -nnl \uw fum u-nluir- 
tlSHl by llie iavk t?f ?t>edfic lata Tbi- ! ■■ .in lii^htI :mr m^tur 
tc* -itnEc £n vemmen te w hich 11 en k- r 1 1 ir . \ i ■ h rhi' i l f. ■ r i ■ i ai ^ ■ ','l- r ii ■ 
ineiii stc charpcrt ^ith Uic [liity mi ii-linim-iviTi':: ;i' -1 vmi - i ■■ i■ ■ ll 
tlie fi Stries by rcgulatory measuri- TIuh nn? cmiir. uiili 

a Ffiln^tii of «"T k^ s (U>llhi ft- in I Iel- n f :ii;sI ■ilnli* :hl> I 

4 a«y «f \ hit fisheri^- Tkey c:t 11 "c a tlnr. I f- ■ tlir sv iiu-n i.m 
rm-ptoyriKrit and ^kprive mesi <?f t"<*\ rei i -«m . huc 

m Ilie oifie-r hind they ■eani^oi [crinit llu- tu mu tlu 

risk nf impier i ii^K the iuUine fi c I Wi- •►wi ii i thr 

U^tll m fislic^^cs achtlitii Ir.Llu hi nn it ■•iilnm tli.il l 

shnnlil bc ^ivi -13 ille ineant of K;i*-ii 1 fc -' t!ii’ 131i.1l i- -i cbvn :n.l' 
S.hil tbe mtrits of thtrir refiulati-m-- 
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THE NECESSITY OE COM SERVAT IO N r OF 
F1SH RESOURCES 

Eiv BAltTOM W. 

Whrt-t I ine-cntl ed tu say and perhaps stiall say nrill ptitain 
rsiore particulari y to probkmft of the fi&heriefl whtrh n«ri inves- 
ti^acions in rdalicn to need of conservatum i>f certa in form? of 
life of the commercia] fishes. I refer to the mariti* jnammak. 
The largest animal? that live in the aea perha|is a.re 11» 

<»ncH- Ic^st kraiwn. Some tLriie agci I ]66kfrd tip tlir litdfSL-Jre OH 

t]ie mammali of die Korth Pacific. Wt ha ve in ihe ndgbtorfapL 
of 44 species of marine mammils in th* Xorth Pacific so far at 
I cffuld leam. Those are the w hales and other eetavcartu. ite 

se^l* and carnivoris. There are sOmtilung; |i]ct 9 kaltcn. whilfrk, 

5 sipcrm whaics and 14 porpoists, killtrft, and dolphin&j oi 
speciei of ceiaeeasis in ali. and among lh*m are the lar^esf wm- 
ma!& Ln the world. Yery little is knrwn abcvit tlieni—irbit the 

speacii sire, uhat tli-eir fhhtnhutuKi 15 flr hr»u r abnnc[ailt thev JI{. 
A little vrhile ago a. wlialiiig Maliun was titablisbtd 01 tht Caii- 
fomia cqa&L E veri -the wbalers (fid not know what species tif 
whak they rapected to but they would mskc the -opti- 

m istic F^tP-ttcTieiit h as |q the otinrmerciftl pAsfcp Iu htics 64 the wh&i- 

ing iii-rtuslry. storits colorcd soinrwhai ikiuhtlesa for tlic purpnsc 
of solling s-tocfe, The conipanv built its piant an (3 weiit inrto ite 
biisinesa. They havie exceederi the exputati ons of eveiyb«l>' 
cxce-pfc the prom-otcTs. Tltey liavc fOar severa! nKntUts betfl 
taking on an a verace one whale a diy oflf tlie California coast 
near encuph io ilietr statiori nerth of Santa Cetui to brm^tFl^ 
catch in ro tlie station the same <!ay or csrly in the -momiTig of 
tlvc* [|ay frillfrwitig- Thr H-pcitics ts Xiiually the liuniphidc. 

Il h always an event in an oceati voyage to sec a wlwle. 
even to those who have crosMcl tlie occa n many times. They ire 
njat 50 numerons but Chat rhe scein^ of one is an event to te 
f^niembereri. On the Califonua roasi m rhe ia^C four monthi 
lliey liave iaken oitt i® whales within 100 or fewer miles of 
iht Mine place. THl? represeuts -a serions mroad on that spcci^S 
of marine anima 1. The states have n» rcgiilatirins bccau^e vhaks 
afe very «Idorn fotmd insaile hhe j-niilc limitj nor wemld fedfiTiC 
relati latici bf of any use Iot the 5 ani e reasoo. It is a questum 
for tjiE.cmatian.il cQnsi^fcraticm mther tKan gcvernmental rc^U- 
laEiurt by individua! gaveruments. It if> perfetfly apparent thal 
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lUrlu ur nothi ng irae] E?e dotic except tlurouj^h. inteniatlima.1 
agreemenl. 

Of the 44 pt jn f>t marine tflfcmrmls in thr mulli 

Pacific tbtre oijjy twcN nr three ihat kav* re4reivccl mucii 

anent ion. Tlic Alaska fur seal ha» beeo writteti aboul perii aps 
more ihan anv olher animal in the world. Vet theie remain^. □ 

p 

very Large autoum of Information wtijch we lack abowt the 
AI^hIcji %eal l and of the Jnpan sea! .11 ut ather species ure Sc bh 
tven Icss. Wt h-ftVc Atudircl iheir) to some exterit nn their tre l i 1 
ing - grotmds. and ihc Jzl|i;lih. , s r Lltiublless ltnuw slIkilii the noctlu-m 
irijgration and prasiMy a Isttlt abuJUL tlie retttm souihvartL thi^i u 
tinn, We know soraierhing abont Lht Alaska fur *ea.l froin ihr 
time it Etrihes the Califom» coast tari y ia Fcbn.ia.ry until it 
rrach^ Vi?hv njf Sea in May anci Jvirtfl, But |n wllflfe it y-u 1 - 
wbeii it Icaves the Alenti an bibmh i-n Ia*e Gctoher :lihL Novum 
kr or wlicrc it is uziiil it come?’ up at Sau Dkgo Lai late Janu.i.n. 
nr Ffbmiry, we kisaw praelicallv nolhing. Wi 4o uot kii“U 
vrhrrtie-r tlic three speries of fur aals min^le at a.H„ and until 
we iIji^ knww wftetber tlicy miiigb we laek a very important f:u 
tor in Ilici x Ilil- hiatory. If we firnl tti&i tlicj do not mix* if tliu> 
T*nmn en Lire ly distinet Ihe £pon&arg of the opinio n tTiat lli^iv 
arr ihree different S|ieirie*i will reevive sttcng suppari. 

The Fur seal is now hem^ proteeted by the 

tfeaty si^nerl by flreat BriUUn, J a.|in_n^ hhiskia, Canacla aiid iliu 
l niteri Stalts, in w]iLch ic wa^ a^rrcii tf> prohibir i^eLi^i-c sea‘" 

Rur imfortunately the treaty pensiits tlie killin^ t>( the scbIh hi 
tht abgri^TKs of vXiankfl. Pritisli Co1mnbaa K and the Arintic p 
That is a wry pro Vision, for the klll tlse Feni ’> 

wliidi ougbt to \x protecte d, 

The nortbem sra oller m protected lw thr. s:mic treatj :i* I 

it is neporteil tliat they sire eoniitig l^ack in comtderable ruu 1 

her&- But aiwtWr species o-f sea otter (ound nn tlnc Calif || r-! , ;i 
ftiast is ilmostt at tlic vanl^hinp: pnint_ I am Mraiad tlic ti 
came tno kie to saTe it. P 11 E is. may recovcr. T he fur s-. ■ 
on Cnia 1 1 al< mi x r Iskmd appirently lwcame e Et i net ^tver:!! u;ir- 

TheTt*- !h ruit a ^iki< 1 siK^inien n f st^ ^kln in ^.rly 

in ihe world. The same h truci of the sca. cow. The La^t 
lrilted prohably in iPfiS. 5 -j S teli er‘s se a ccw has ^or 
jnin the Ekuks and Ihe atik. These j*rc nrcrely a \. 

examples «f marine inanunals whicb ha.vt dkappti,- 

I wc 3io reason to believe tliai ceriaiii niarme flshcs arc 1 "i 
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in tfie ckr^e-r, The statenieni that has bwn made that 
man tg.n tiot ite an^T-htng io rlccrsasc or inereuse the supsaly 
of ftsbi ili the sra jtfay w r dl bc 1| may lic trtic of 

sudi foli as ttic lierritigf. but ille large marine lislics 3 ike sLie 
urna «will go like i Ji^ tkphant seal. th*.- fvakf btir, tli* wal-™. 
and Stdlcr’s sra Cqw. Thcy are ea*i!y E^tten eu and «asiJy 
exlcerfii ilatcd. I w 6 nlf) kkc tQ ltr^c that (he ruunt ne? tmrde-r- 
ing the Pacific £et tcrgether aml makc an internet ional ttcaiy 
for nrare adequate protectiori ol thesc animal £ tr imminent 
ilangcr, 

As tc the 1 veant ft|ieak bticfty reganling thOAf 

of this partkular regioni. I h $vt becn ktt-Kstal in the oripiti 
nf the lla^YAiian Fauna rlisctis&ed by oihtrs. Just a fcw fig- 
lifi^ taiticcTnin^ Haw-aiiam fislies. First, it is itileresiin^ to 
know thaL the first fbtl e-ver cciUected neat the Hawaiian 
I flantis ftbOMlod by Sihts.tkl£r aiirl ilanlcfi qf Captam Ctwk'* 
CKpedititin, It wah a be aut i fui Chactodon iioyp -very udi 
klJtitori. The s|Kcimcq fonTid it 5 vvay into the Museum of 
Banks where it was riestribed in 176? by Bromsonet a§ 
Ckiwrvdtin fmgir&j iVrJ. When 1 ttwl of this faet [ Felt a 
gtcftter respect for the Ooak expeditiori. 

There were utlicr expediti™ & folbwing that of Oook 
ni lvhich other collectione—ahout 30 or 40 specLmens—werc 
rii^iic. ITri Gnnth-er -of the 1'ritdli Museum a eoi lectitari 
wllidi 3ic licear to sturiy but riever compktal- lifim it 
Lhe first grear wprk on rtie fishes of Polyneiia^aurl 4 rery 

iniporCanl worlt. 

Cfrtisltkrahly lat^f l)r. fhL^-er I 1 . J^nkms tlicn of Depinv 
t r nEversi ty m later Professor of Physiology io. Staiiford L'ni^ 
verstty conccsvcLl th q idea of coimini; here aml coftectns^ finiit 
111 iHStj hc or^aniiZtil n\\ cx|JcriirioTi and 5i>ent the S-ummet 
liere abiit jraade tlie hrst ]ar^t acid rcally valnahlc coHec-iin' 
evtr made abont (he Hawaiian IslaiHk, Hc lisis abt>ut 2 jQ 
siKeits, iTiflny of which v^ere new and which Iie describes. 

Then the timnean of Fiulierics lti ipioa nndeTHiok the 
of the fish fautia of Lite Ha^aiLan I^kncls, anci mjwte ver.v 
lar^c eollection.s. The next year the Rureau seni the 1-1 df- 
bairasf' to study the e3ccj> sca fishc?, The restilt of ihe wurk 
of 1901 wj!i 440 species of iliorc Gsh^s oollected abont these 
blatitis. Practically al) of them were reef cir stialfaw water 
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*pcci.FS. There w-ere fresh water fish fountl in ali fbc striam^ 

in Polyrtesia. 

Oi tlif^ 440 ocM *ppfi*s 235 *ine peculiar to the Hawai- 
ian Ttlandt 1 auri thai ia irnpuFEscit. One humlTcd niiri forty- 
rtr« are tonim-on 10 Hawaii and Folynesu (by P^lyne^ia S 
EiHan Samoa. Fiji h Tahiti» *i-c.} and Lhere are: otily 53 specit* 
corumon to? Ha^vaii and Japian; 34 are commoti to Lhc ] Sli- 
waiiatl I standa and the ooa&t of Mcxico, Central America 
aT1 fl Panatll-a. Thirty ftiur jfr a ^mall n Limbe r and doc& 
llitan any relation whattvcr littwctn Ille H-iwiisin I&laiYil* 

and American Continent. Thc&c species of fislies are wiile- 
tpnpad and are fonm] whenever tbere are suitablc troinea! 
w-attrs. There appears to be no relation betwrni the fidi oi 

Hawau and Japin or "between the coast of A meraca or ALa*k:L 

and Hawaii. There in. a rij^ht relation bctween th-e^r islands 

and tht —but it is att small lllat wtf COulil altTH^l 

if^no-re it. 

Each of the islands to the south and Southwest of tii 

3 ia * ftc-rved as a «uter qI nifliiemoe from whicli the fi-sk linvc 
^pread. Supix^ing: the fish 10 ]uve spreacl from India, ilien 
each id and. would serve as a center of influcnec- The h]±± 
h^\ would be hetiveen the IJawnican [slacirls and Sanius 
becaus# the tlis^ancr Lctwecn thosc two is ^reaiet tliau Ih.- 

twcen any two otfiers in Pclyraesia. As a nile. I ani dispoted 
to tWtifc thar shore fis lies do not spresti very readily or very 
witlply. The fish whicli spread very rapidi/ and widely :trt' 
die pelage fi^h, which may fsc fcuiicl anv-wlitfre wliere ilie 
Cempeiaiurc it suitatle. Most of the fish of FoTynesia jirc 

slitinc fish ihat stay close abont horne. Thcy may be fniin-1 
in the same pbce. n«a.r a ^Teck perhaps, from year to year. 

and the offsprLnjj w-il] remain in tlhe sarne ptacc a5- the parmH. 

Wc sboiild keep thi^ sn nihnl wheri d ifiens^in^ the qiietfmn 
of ihe spread of fish by nteans of swimlTl■tlg , ot curretils. 

mscuSfSiosf 

Illi RaETSCT?" .A.re tYrtl Chp liffti -u.-||li pclnl^ic CR-fr- fcmnd weffy ujicIi I j- 
distrihiJied ? 

M”r. ; V«, fiMiie ili fi-: with liirtw brviil ptriotK f- r 

ejiinnptc rtc eris, ilie lcptoce^bili nf whlch nva cnrritil ihnoannd^ nf mi Ii - 
5!"t : The ert&br cif the ini is pnflwlivc. TIh- 

liphter [Sftl^rcd bclly D-f the fi-&h m^ltc-R hiiaa iilin^ipf invi^ibJc mtdi-r 
w ^r. Thf vame thiTip? h-appens in an r spe riment I Eritd wnli 

^ poiairt. It spYas viiltle from n t^riR dislanct iicrcns dic rltlfi vi Yn-ii 
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pliiged uri tup of ilic tardi. But wtien the lower lialf was paintcd 
white it wa.c lost to view almos t immediately. 

Mr. Moore: A very large numbcr of Ihose fish rcfcrrcd to by 
Dr, Mayor vfill be lound to have pelagie eggs n but they have ai a 
rui* a comparat i vt-ly short period of incubatiem so they do no* hive 
time to be carried far. Aho the food of the adult and of the young 
is fornid at or near the bottom. When they hare to descend iny 
coiisidcrable tlislance to find bot.om they find unsuitable and insnf- 

ficknt food and die* 

Mr. R^rtsch: An interesting point ahotit deep sea fish is that 

they suinetimcs corne to tlie surfaec al nigfil Iu ftred. I rcmcmbtr 
hi the Philippines we caught fish at the surfacc at night that ordinartly 
are found at a great depth, In the day time we ttould oiten bring 
i litui np dead b but wt pkked tliem up at the surface at iHght active and 

fri?k> r - 

Mr. Everuann: The fish that can do that are built on just the 
opposite plan from submarine vessels. The iatter wouM be built 
strong and aolid, the fith are very loo&e-jainted. 

Mr. Fraser: Dr. Evenrtann did nat imke the question of eon- 
servat ion of marmnah smoiis enough. For a long tinte thete were 

Lwij wliallng compauits in British Colunihia, last year a simglr one 
They had hccn operatius for many yeara + Years ago there werc many 
Inimpback whales, hut in two or three years there will not be ane, 

AIr, JivERw ann ■ A point to con&ider is that we must hace the 
Ufe history of the marine mamnuls in order to know wh&t to recommend 
for their coiiscivation. The thing needed is an investigation in order 
to get a ciear itndeTstanding of what must be doue, if anything. to 
conserve nnd save the large marine mamrmls. We do not know 
tfnongh aboift thcni. We can get somt informatioii about the whale 
frnm ihe stations but thst never has been done so far as I know 

Mr. Cmi.tox; In Xcw Zcaland the seals bccanie so scarce as to 
make theni . tmpro^table commcrcially. Consequenti/ they we re Icft 
iilrmc and now they are conrting baek. Now they are pretected. The 
h-iiivt tliing may happen wiHi the whales. 

\u. Rv&tsck: ]% it not a fact that they are nsitig every hit ni 
the wlmk? 

Mn. Evsrmanx: Ycs, The meat wa& sold for food durinjz the var 
Since the \v.ir dic oil is exiraotec from the flesh, all Lhe glycerinc is 
^oticn out. then the llesh, hones, viscera, and blood are made imo 

fertilizcr 

Xh. FmaSKR : It is only on cnudition thai everjthiiig is used thac 
|hc biisiiiess may be carried on. 

Mr. IIrtan: There is i great dea! of whaling carried on by Nor- 
wegtan w ialrrs on the Smith American co^st near Chili. It oocuncd 
io me 11 1 ni if the Oovtr ument nf Chili would deny the rijBfht of Eanding 
io try oul and (o operate the wbaHtig stations, they could control the 
numbcr nf wlialcs tiifccn. If the Noniray whakrs were not allowed 
concc^^ioTl? on tbc Routli ^'imcricaii coast they would have to makc 
a long run hume. The Atlantic countries might not fati in very rtadily 
witb rm agrccmcnt made bettveen the Pricific goverr.tn^nts for the 
con^rrvation of its marine life, 

Mk MnORE: The YoTwepian whnlim? tn SnmFi America is thr 
resuit nf =;uch n law as you sug^est. In Norway it drove the vthalers 
away from iheir own coutitry tn tle Southern seas. 
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Up. Rvebmanv: Tlhat bw was in a meature siicwssftil nn 

ifie Alaska coast. But floating rendering works were established so 
that they cauglit thc whale* at sea and rendercd thetn on baard as 

in flit ol<] dayi. 

Mit. Kjshivo^ye: In J&pan tbe govenmmt restricta the number 
of *haling vessels io abodt 30 and no more vessds are allowcd tn 
catdi w hales. 
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BIOLOGICAt STATlONS AND E5IMILAR INSTI¬ 
TUTI ONS IN THE PACITJC REGION 

[Jstfj* : Jv«p«w:d contriTujtioits from J. Allan Thomson, Dirci- 
tgr nf p«n inion Mustum. TiVdlinefton. Nrw and E rem K. 

Kisiiiitouye, Frofessor of Kisherits. Tokym Impensi Univtriity, Japan, 
had nol been rtrtsivtil ihe ilaie of pubiitarion.] 

THE PHILIPPI NE BURE AU QF SCIENCE 
Bv Elmes E>, Mutam,, Dibectoh 

The Bur-eiu of SdcTiCCp M&nila, P„ I,, is wholly suppnrtcd 
bf>' the J . 7 J]ili|]pLnc <jPvcTTiiric;nt from ktcaJ ne vermes; the ap¬ 
propriationi for the support are roade autiually. Il -was es- 
tibEished in 1901 under the naine Burem of Govemment 
Laboratories, becoming the Bttreau of Science in 1906. The 
prime nhjcct in Ihe esiabli&hment of the insiitutinq was to 
oentraliz^ HeiipiEiJic 50 f^r as the Oofytmincnt was 

concernet!, in order to avoid dup licitiori in variem Government 
(Kpen&iv^ terimini personnel and «quapment, 

The institutum i& a very comprehensive one as. my be 
seen fram ^ra outlfoe gf rbe ^ork given below* Pura wien^e. 
as sucti, iit bur a sthaJI part cf tbe fmwtiott of *he fusti- 
eution as from the verr nature of cuniLitiim^ in the Phitippirtes 
the prui-itaE app lienica *f h* stfeswd. Th-e 

organiEatton cal]s for ali routinr Chemical work for the va- 
T\Q*u± unitSp includi ng that nexessary in cQnn«ection with tli-c 
enforcement of the pure- food and drug laws, as weli a* 

cmginal :m vestiga tlf>n$ of 9 chcnucal n_aLure <m Philippinl c 

problema. Proviskm ii also made for Chemical work for 
the general public, comm-ercial uniis» ele, The instihilion 
does ali work in connecrion with the standa nrf arat ion of weL^f at s 
an.d meajiuntB for tbc Phili ppitie $ * the te&frng of ali Materials 
«sed in ccmstrujctijttn^ socb as cernent^ tiinber and Steel; the 
man-ufactore of tllriliki exLract for the eure of beriberi i the 
manuf&Ctura of ali types of TOCcines, senmts and other hid- 
logk prodiiets i the-administratfon of the Puteur treatment; rpn 
line microscopsc examinatinn pf ali cnateriil submitted by tln? 
B1area.11 of Health io d^t^t-ipn in-tl totitrol of contagione 
disea^&i and the investig^tion of discaves cf a baete r io logi rnl 
nature 35 well as xhose caused by interna! anima .1 parasiit 1 ^. 
h Tnaincaim -cofripletely equipped laborato ri*£ for tlie work 

IWIJ 
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enumerat ed and also separate departments with the ntcessaiy 
laboratories, for geology and mining induding assaying, botam r , 
piant pathology. icthyology, inchiding ihe maintenance of a 
large modern puhlic aquarium, entomology, and orinthology. 
The Pi ure au of Science is The custodi an of the governmemal 
collectioti of natural history material, the herbarium cotitain- 
ing upwards of 200.000 mounted dieets, while collecticiis in 
icthyology, entomology, ornithology, and geology are relacivdy 
as extensive, The centra 1 srientifk library of the Fhilippine 
Govermnent is a part of tlie liurean of Science, coiuaining 
about 70,000 volumes on the Sciences in general, while aboui 
1100 tediuical periodicals are currerttly received. The Rureau 
publislies the Fhilippine Journal of Science, now in the iStli 
year, over 50 imlividual volumes having been issned. and 
also pubUshes a speeial series of monographs consisting of 
works too extensive for inclusion in a technical periodica!. 
A coinpletely equipped photographic laborat ory is also main- 
tained, now contaiuing over ^o.ouo negative». The Rureau 
maintaius its ywn power piant, supplying electric power, 
steam, compressed air and vacuum to all laboratories. 

It has been the constant pottcy of the Eureau of Science 
to cooperate tu the grealest pussible exLent, not otily with otlnei 
guverninenUl units iu the Philippii ies but with scientific insti- 
tutions all over the world, Requests for natural history materia! 
are cimiplicd with so far as tbe technical persunuel available 
ciill illect ille deillallds and su far as iiialerial is availabie. 
Visit ing scientisis are always welcome, aiul will bc granlecl the 
full facilities of tlie institutioirs, laboratory space and equip- 
ment so far as it is availabie. 
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AUSTRALI VA MI,'SEL M, SVU\E¥. 

NEW SOUTH WALES 

Rv CHAB1.ES KEPI.EV, CrUAOTM 

TJlc-np- is ntJt tthiw n 7-iittg"lr marilSr statiori 1 11 

Australia. Abeat (orly year* ago a mtuII me fnnued in 
5y flney f I a rbn r by M i cli Si i ln n i Ma cl ?i y . a U us -i;m u k > l. > . 

The site of thU was afterwards rr^unncfl liy tlu swr L r ovmi- 

tttcttt Mnncy a^ rnmirpcrisatM ni for ibat rc>ivni| nLLoi i S- 

iu itu- IliiuIk of irusn*^ :lii ■! wiJl H- arailabLE? fur ojwnini: 

a statior tirar Sydnev. 

■ t 

Stveral Aurtralian uate* ha ve pnrdiaspl trvwler* aml 
'ifwrratefl SsliL]i^ as ;l puliLic hiLH-hie**. It has Iji-lii rLjjn-unt^l 
:hat marine hiolqgira] .ntaliuiis. wuukl bi j pn \]wt mljnriCK in 

State itepartineiK - 

The lucrative p^nrl 4iell anci bfclie tk mer fisberk 1 * havL' 

e’|>rc3al nced nf investinaltem. J "timI a mun- intiin-ity kmml 

sljif nf ihe lifq jristiiry i 1 - obt&ttited of thtit anima]*; :tnil thfir 

aisociat^s iri<L-n-i« n-- canna:. l*e ^jdeqiiately erjganimd and 

cmirroIM. EstablUFiment of smeh slalioii'. U bcinfr sulvo- 
catnl hy the Australian Hunean nf Science .ibu! Triirinstr* 










THE CANTERBURY COLLEGE MOUNTAIN 
BIOLOGICAL STATIOM 

Bv Charles Chilton, Professor of Biqlogy 

One biologica! station at Cass, New Zealand, was estab- 
lished in 1913 primarily for the instructiori in Zoology atid 
Botany of the sttdents of Canterbury College. It is situated 
at an elevation of abont 2000 feet above sea-level and among 
mauntains rising to a height of 6000 feet. The surrounding 
di striet is rich in indigenous vegetation and supplies examples 
of subalpine tussock grass land, trountain forests, scrubland. 
river heri and shingie-slip forniations, swamp and fresh water 
streams. It is easily reachecl by rail from Christchurch and 
the btiilding offers comfortable accominodations for students 
and workers. The station is within easy reach of the great 
natural forests oi West land and can be used for fores 117 
instruction or the problems presented by the mountain pasture?. 

Though primarily intended for class instruction the sta- 
tk>n lias already been used by graduates and workers from 
elscwheie for the purpuse uf researidi aml the results liave 
been published in the Transactions of the New Zealand Insti¬ 
tute. The Station is under the control of the Professor of 
Riology of Canterbury College who will bc glad to exchange 
publicat ions aml specirnetis with similar institutions. 
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THE PORTOBELLO MARINE FISH HATCHERY AND 
BIOLOCICAL STATIOK, OTAGO HARHOft, NEW 
ZEALAND 


Bv W. J_ PHTLLipra, bmtixioH Mistnt, Wsixikgt-qn, N. Z. 

(Presentefi at th-G re-qu-os-t ai the Couimitle* on F/o^ram.) 

Tu a paper rcatl hcfare the Otago Institute on October 
S, 1895., crtLtled “On New Zealand Fisberics and -the dcsir- 
abiiity of introduc in^ mw specie? of Sea-fish." Mr G. M. 
ThiMciHin stjggesled that, l^forc aity lurthcr Legislatio n vas 
procetd*d with in comiection with rbe fisheries of the colon} 1 , 
it was Decessa ry that a marine biologica 1 stat ion be establi&hed 
where -systernatic observation of the h*bits and Iifc-historici 
of the local speciei of lish might bc tanieiE out. The ap¬ 
parent {easibility of the s^tiggestion canunetid-ed ttself Eo tht 
Qlago Institute and in the sumnner of 1896. a committee was 
appointed to cor-sider the matter and to examine and report 
on the OUgti harbor and it$- TidghborhptMi in regarri to its 
auiiabiLiiy for such an establishinenL Poliowing- a favorahle 
report i\y the romni ittee and the Council of the Ota^o Insti¬ 
tute and the Committce -of the Otago Acdimatization Society 
eacli votttE the sum of £250, conditi onilly to Onvcnintent 
graruing £500 lor the •work, and undertaklrg to carry on 
ihc staicion io r a few years.. In 1899, Govemimmt approval 
at the project ab^ained and ea-rly in 1^00 the sire 

for Lhe sUtion wa& «sl«cted Afuer twc> yeart of negotia^ 
tiofi and detay Government agreed to allow the work to pro¬ 
feci] on the undeTstindi-ng tbat the cost of establishing the 

hatchery in ivorkin^ -order sliOidd not e*ceed too, and the 

animal woiking- expenses not exeeed £250. An honoirary ad-* 
V35ory boanJ was set iip corsisting of one memhcr from the 
Giago Institute, one member from the Otago AedLmatization 
Soci^ty, the CdJeCftT the Chi^f S\|Tv^ypr, ^ml 

the Superintendent of Mercandi* Marine. In 1904, the 
Mariiie Fish Hatchery and Biolo^Lcal St at ion was formaMy 
0perteri and began its. work under the curutors-hip of Mr. T. 

foliow(d itl t^ril fcy Mr, VV. AdiTng atte] "ftl r r -S- 
Rroadley, the afiker mw in charge. 

12 + 5 ] 


Digitized by 


Googlc 



246 


P.\^-Pacific SciEstinc Covterence 


TJie equipmem of tlie statior cunsists of eight tanks, 
a laboratory bulkling and a motor launch specially built for 
fishery investigatio^. 

Much valuable Information is being collected yeariv 
on tlie variotis tishes, their seasons of abundance* and Whole¬ 
sale prices realized in the markets, A list of tlie boats ar,d 
of their class opeiating from different ports is also kept as a 
check on the statistical tabi es. 

I11 regarcl to the introduci ion of food fishes advice ob- 
tained from Etigland and the United States indicated tliat 
thotigh success might not be anticipated in the introduci ion of 
ova which might be hatched 011 arrivaU there was a posii- 
bility of suecessfully introducing adult or half-grown fishes. 
The attempt to introduce lierring was unsuccessful but live 
turbot. lobsters. and crabs were brought in. 

About thrce hurdrcd of the turbot [Rhombus maximus \ 
wcrc suecessfully ititwluccd, Aftcr rcmainitig in the hatchery 
and bcing fcd for a period of over threc ycars, 12& were 
liberated at a sui tabi e locality at nudnight on May 19, 1916. 
The remaining stock of 54 fishes were retained in the hatch- 
cry, Sonic wcrc at this time as much as 22 inchcs in Icngth; 
but up to the present it has not bccti possiblc to cbtam one 
in spawning conditiort. On September 1 t 1917, 42 large tur- 
bot were liberated in about 15 fathorm of water; but have 
noc bccti since rccorded. 

Fi ve shipmenis of the Europeau lobster (H amarus vul¬ 
garis) were made and in ali 39 niales and the sanie number 
of fetnales have arrivect. A large number of eggs have been 
successfiiJJy hatched and larvae liberated. A lotal of 10 
male and 6 female examples of the European edible crab 
(tcnicfr pagurus) were introcluced up to [911. Most have sittee 
died; but a number of eggs were suecessfully hatched and 
large piants of fry made on four separate occasions. Later in 
1913, some 43 crafcs were suecessfully landed (out of 50 
shipped). Apart from eight which were retained in the 
hatchery and a number wliich died these were liberated soon 
□fter arrival. 

As outlined by the llon. G. M, Thomson, at present 
lionorary director of the Portohello Marine Hatchery and 
biologica! Station and who is mainly responsi ble for its es- 
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:ab isbmcnt, the aims and objects may be £ummarized as fol¬ 
io ws : 

t. To ascertain a thorough knowledge of the hatchery 
environment indudtng such features as the salinity of the 
uvaier, temperature, and tides. 

a. To serve as a base for receiving such fishes or crus- 
laeea as it may be advisable to introduce. 

3. To acquire an exact knowlerfge of the migration, 
food, rate of growth, spawning seasons of our local fishes 
in order that we may be in a position to conserve the supply 
of local fishes for future generations without undue restrictions 
011 the Jishing industry, 

4. To serve as a base for those desirous of purstiing a 
piiTcly scicntific study of marine biology. 

5. To pJaec oti rccord the rcsults of experiments and 
in vestigat ion s and the conclusions and deductioris which may 
be drawn from Ihese observations. 

The work which has already been accomplished under 
difficultics of finance and unnecessary restrictioris can only 
be regarded as preliminary; but the vast economic possibili- 
ties of the future arising from further successful attempts 
to aedimatize profitable marine fauna from the Northern 
Hemi&phere will be immediately apparent when we consider 
the small amount which has already been attemptet! and its 
relative success. 
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UUITiiD STATES NATIONAL, MUSEUM 
By Patjl Bartsch, Cmratar Di Vision Marine VerMxatte 

The Urtilpd Statrii Nati/unal Mu-rum, wtsilc it rnaiciLainn ut) 
iLAti&CS Ofl at itl iht P&iifit, n*r a Vt&Sd fiM 1 txplflraticrfl* hiS 
jievertheless contributed an enormoua amount of Information on 
the fauna and the flora -of this reg-iem, as eH-denced by its 
pUtuliCfttifln.s. 

Tbe K&ijgrtt&l btuftum j& the r^ipkixt of tbc 
secnred by ali fcht Govenljnent surveys anr| explorations. FOf 

tHimple, here reposes a.11 ihc materiat gathered ttaroygli the 
many years of splendid effort& of the United States Bureau o-f 
A ffrfffrpjjr The Nati^aL Muscam at ih* 
prement tErne canta in* rhe lar^est collectiori of mollusks frf 
atiy imtttutm in the wortd From the Pacific,, vrc ha ve the 
most pe-rfect serie* fnm ili ea st em shotes. Nwt on]y that. 
we haye the &p]endid wllettion made: by the AtbvtrQss in th* 
northem -water* and akmg the co&st of Japan, and from tMs 
aLfrn p the fine materia] nbtaiianE by Frijf, Eriward S. 
Morse while he was stationed at the Univer±ity of Toleyo 
in the early p tos p and more resently the wlluction of Mr. V, 
llira&e obtamed by him and his co-workcrs durinp a liferime 
i?f rffort. Fraui the Philippi fies, the Cclrliic, Flore» and lianda 
seai we have iEie ipkndid ms.teri.al sectired by the Alto i 
during it & severat ycars' mpto-rati™ in tho&e wattn> s-nd 
from the South Seas in g^titcal rhat materia] which the 
trass setured duritig its eruisti under the late Dr. Aga&si?- 
The Haw-alian groiip is represented by ma te Ha l o-btaLnied hy thr 

AfbatTPfft. mnr* rp^ntly by the ^tonation Qf the Thaa-nurtl 

COlIsttion sent in by that ifidcfaLigabk collector. Mr. D. Ttoaa- 
uum p whith mure than anything heretofore tnakes km>wn tu u& 
the shallaw water faurias of these tsknds. To these shoufd 
be add^d materia-i by erchang? frwii 

Yjirioiu Kiiufecs, eo tbat with the cJfiCeption of the Austrahan 
regian h from wtiieh the early esplorang expettiLion» hare 
fTiven lis w>me collcctions, we art fairly e^uipp«d tbe 

Pacific cEcmectts o( the^c (anti^Si. 

Now the poliey of the Xaiional Museuin has ever b&n 
to help any institnH^n or iTidividnal in its investigatior^, 
fitlier hy rhe Eoan of materiaJ or hy lurtiinhang study place 
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in cur own Institution for &tudents where they tnay pursue 
comparative studies, or by actually having various membets 
of the staff report upon materia! sent in for examinsticn and 
report. I am sure there is not a sitigle institution represented 
here which f if we were to call upon it f would not be able to 
say that the National Museum has always cooperated in the 
fullest measune with tlie members of its staff, in order to 
make the widest use of its oollections, and I may say in 
behalf of cur Institution that we shall always be glad to 
cooperate. 


DijiLiziiJ by Gouglc 


Originalfroin 

HARVARD UNiVERSlTT 



THE BUHEAL' OF F1SHERIES 

Bv tL F, Mtoke, Defvty Comhisssofier 

I ani surprised to bc c&llcd *>n fo s| 3 tak at sympo^urn 
011 biologica! statione of the l^cific. fl!i the Burcan of Fishcrics 
ha 5 tkj 5 -vich staticm. A tttiltfbei 1 of yiifS kgtt U'£ WiSlied 10 
e^raliiisb onc in the Puget Sound regaoti and a bili making 
atk aprpropriatioTi for ihe purpose was Lutrorli^ccd in CangrcSh 
but faited of passage. Th&r was twforc the cstablishmerit 
of stations ut Nan^]mo r fmky Harbor aml at Fort ficisfre^ 
r»n VancoiLver IsLatid. wliich havc becti here de&cribed bv thar 
resfheciive di recto rs. I£ tlie s-ame propoMl ivere to be m^lr 
now I doutrt if I should favor it a 5 I belicve that the internis 

of sciencc and the fisherie!* can be ailvHrtted betlrr by strplglh’ 
enin^ the existing itisiitnlimis in that region ratlicr thani by 
iiicreasiiig their number 

Whilc we hyve no itarioii an the Pacific u-e have 

maimainetl a Acati laborato ry for rnany years, the tftamcr 
Albatross. Tliis wis Ilie first ire&&el desigiied and builfc for 
oceanngraphic investigatio™ her picdeccssors being warships 

<>r (D-thcr vesicis tc]n|KjrjTily jrfired for cx pl uration aml re- 

search. The Atbair&ss is rot of the exact type which woutd 
be bnilt to~day bLit she lias been refitted receotly and provided 
witlk mpdern. gyar, that nutu4tli&.t3.nding: 35 yvars of Service 
slie is appdtently good for rnaiiy inore years tif work in her 
field. Slie is now an the Atlantic c&ast whene she will bf 

en^ag^rl for two years, if ali ^oes -well h on a project of re- 
«iearcii nff the scuytli Atlantic coid of the United States and 
in the Gitlf of M-rxicu and Ciribbeaii &ea. TI115 wotVc wi.ll 
in soine pirL supplement the investigations of the International 
CounciS for the Exploratiori of tlie Sea whicb are being 
uxtEiiriei! as lar a^i Bermiida. When this dnty is accomplished 
I hope t 3 iat slie ma.y returne<l to th^ Pacific eo- tak^ up 
in vestigat ions 011 the northwest coast of tlie United States and 
thence noTthivest; to the Alent i&n Islands, in 00operatinn witli 
the hiological stationi; in tliat nigiun and su-ch other sgendes 
as may be available For a systemati e s=tudy of th^- biologi-cil 
and other factors. atTtctimg tlie fi&he!ries. With the bioloEicil 

fitatkOttS dincludinf rcSMivtlCP ir fhe r (.ia sta E ^rcaH and the 

Albntross at sea, I hei i e ve somethiiig cif both scieotific a.nd 
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eeonomic valtie can bc accomplished in a field which sadly 
needs attention. 

In conclusioti I wish to say that the Bureau of Fisheries 
stili endeavors to maintain the traditions and the policy of 
Professor Baird. It is organized for Service and is teady to 
assist sc far as its meam will permit in any work which will 
further the advancernent of knowledge concerning the sea. 
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RERMICE P. BISHOP MUSEUM 

Bv H^RS^R'!’ E. G* EGOUt^ DlRECtOR 

Ttie history. scope and policy of Bisbo-p M ne sort i k ont- 
iined by Mr. Albert F. Judd in his Addr-eis of Welcome 
printed :n this TOlume- 

The fundi of tbc institution Att tKpc&ded t>n i-™ gW]y 
rtlattd acti vities: the gathering o( mater ia h and in vestigat ion. 
The exhtbitJon balls and laboralories contain large collectioris 
from Folynesia and t o a less exlent from orher Pacific arca*. 

In oider -of value f«r rescargh wonk, the Ootleehons stl ctlh- 

nology ra-nk first F foJIowect in tum hy eonchotogj, botany, 
entomology, marine aoology antl ornilhology, Througli gtfts, 
puncfiase and field expeditioni the collections for studj r are 

rapidly inercasing in amoilrit Silii value, 

The itrvestigatbn of probititis in Pacific ethnology and 
natural history absorbs llic larver part of the Mucsum fundis 
and the staff is Gr^aniucd primarily witti this pnrpose in 

view r Ptir cxpiTipic clurirtg the prg^CiSt year, in atjditipn Io 

laboraDory investigatione four parties are at work in different 
pares of the Pacific foltowing a probram designed to shed 

light cm the «origin of the Folyncsian race and the history of 
ptant lifc iti [hc Pacific. Tlirougli the Biologica! LabonfOffy 
the mu&euvn is moperaEing witlt the Univeraity of Hawaii 

in the study of fi&h and titloral fauna of Oatiu and other 

i*lanf|s_ The collectioris, lalnraturics and lifrrary, particulari) 1 
srrong in works reBaEmg Eo the Pacific, ane availahle for ust 
hy pnopeily quaJified st uder ts. The publicat k>ns of the museum: 

emoirs, 7 vcduines; Occasione] Paper*, 7 ™lum£5; Miscel- 
1 an eous Ptibl icat ions, 8 columes, are disrributcd ro institu* 

tions and to pnoiessicmal workers. 


HAWAIIAN SUGAR FLANTERS ^XPERLMl^NT 
STATrOM 

Se-c sfa^nxent by II. Fr Agra, P i nector, pfinred in this 
Tnlume with Addeee&es of W et come, 
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BIQLQGICAL LABOttATOf^ UNSVEJftSITY 
OF HAWAII 

By C. R Epmond&oh, Phopessou of Zoaurtr 

The biologica.! laboraiory for rescireb of the Univenity 
ol Hawaii is now bein^ enected throiifth the g;enem5ity oi 
the Ccmke cstatc„ It witl t>c for occupa nty in September 
of this jrear. Thls liboratory ^vlll fee opeti to investigato rs. h 
local or visking, for the puntiance of restarch Sn bLolo,gy 
during the enti re year and eveiy pKJS^lMe facility wall be 
placo! &r thcir [litposal. 

Loeil pioblems in bialogy ire nunicrous. Marine 
abom the islands naturali^ resolves itself imo three zones., 
the life of the shore, the life -of the neef and the life of the 
ojien 5ea. Muth of the hfalogy of the bcach and of the rcef 
tau be studi^tl Y^fy thorpuglily without mi_ii;-ti gfnipm^nt and 

by working* fratri the shofe. \V r oflc upon the opeti sea r how- 
ever, cannut bc carried on witlicnit the aid of & boat of sone 
iize, with whieh the [aboratory is siot yet e-quipped. It is 

my h^liefp b *hat sati^fa<t9ry arr^Ti^ment^ tfin bc 

rtu.de for Ifie uit nf "boare now in Honalulii harbor if it is 
desirable to carry on surfacc work ouE&id-e the reef or dredging; 
aperations at comparari vely shollow depths. 

\Yc hnpe to mak-c the hioltigicaE hlnnt^ry at Waakiki 
not *nly iccensiblc tn IdCfil uOftcei^ hdl 1 pliCt (6 whirft nC 
i; an invite speci alia ts in vario us futi da of biology for work 
uppn special problema, Biolo^isfs passi throu^h Honohilii 
and wishiTi^ to Stop -and- work for a time may have the privi- 
leg-c of earryitig on tlicar activi-ties here. The Umversity of 
Hawaii hopes also, by tlie btsier equiprcie-m and facilitica 
nffered by the completiori -ol the laboratory, to stimulate an- 
Icrest in biolcgy amoffig fler own student* aml encourape same, 
ri possihlcn to continue in. researeh, 
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THE PACIFIC COAST BIOLOGICAL STATION' 

By C. M. FrasEr, Director 

The Pacific coast Statior, at Nanaimo, B. C., under the 
control of the Biological Board o£ Canada. has been in opera¬ 
tior since 1908. It is situated on the shore of Departure Bay, 
on the east coast of \ a neo uve r Island, 40 miles across the 
strait of Georgia from the cit) r of Vancouver and 75 miles 
northwest of Victoria. 

The Biologica! Board, consistirg of a represenlative of 
the Federal Department of Fisheries and several nniversily 
representatives, is not responsible to any government depart- 
ment but is advisory to the Department of Fisheries. 

The station is maintaiued solely for research work. The 
accommodat io ns are somewhat limited but after investigator* 
doing work directly for tbe Board are accommodat ed, the facil- 
ities of the Station are available for any otber workers until 
that litnit is reached. The Station is operi throughout the 
year and except during a part of the summer there is always 
plenty of room. 

As t-he Biologica! Board is closely associated with the 
Departnient of Fisheries, investigation of problems relating 
to the life history of food fishes has received much attentiori 
and will continue to do so. For such work the location is 
very suitable since there is easy access to plenty of materia! 
in iiearly ali species of eoonomical value caught aloiig the 
coast of the province. 

Next in importance. as it is the basis- of all other work. 
is the biological survey, which is gradually being extended 
in scope. M any of the animal groups have been worketl tip 
at the station or at other points where specialists were willing 
to undertake tlie work. Besides these many- ecological, morpho- 
logical, baete r io logi cal, biochemica! and physical problems have 
heen attacked. As there are numerous islands with variety 
in coast line separated by channels of varying width and 
strength of current, there is plenty of chance to study the 
ecology of numerous species under much varied conditions. 
This is particularly true of inter-tidal and shallow water forms 
since there is a variation of 16 to 18 feet at spring tides, with 
a tide having a velocttv up to 12 knots an hottr. 
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The constantly changing aninunt of fresh water pnured 
imo the strait of Georgia by the large rivcrs makes tlie study 
of the effect of variatiori in sali nity a complex questiou, par- 
ticulariy since with this may be coupled extensive variatioris in 
temperature of the surface water at least. Since the waters 
are well protected, almost in lauti waters, work can be carried 
on without danger or difikulty throughout the year. 

Opeti ocean conditions do not prevail. lience the Station 
is not suitably situated for any work where sucli corulitions 
are necessary. The equipment consists of a 40-font and an 
i8-foot motor boat, several row boats, clredges, nets, water- 
bottle. ete,, with considerable laboratory equipmem for bio¬ 
logica 1, chemlcal and physica! work. The library consi sts of 
upwards of ane thousand volumes be sides sepa rates. 

If it were not for the assistance of tiniversitv men. who 
can spend a little time in the summer, the qitestion of workers 
would be rather acute; as it is, more full-tuuc meti are re- 
quired. Possibly these could be obtained if the fumis ivere 
fortheoming, The last six years ha ve heen lea 11 years but 
better times are approaebing. 
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THE MINNESOTA SE AS IDE STATION 
By Josephink E. Tilden, Professor ot Biology 

The Minnesota. Seaside Statiori was established in IQOi 
at Port Renfrew, Vancouver Isi and, British Columbi a. Fur 
seven years it was successfully iriaintamed by certain members 
of the Botanica! Department of the University ol Mirmesota. 
Parties of 25 to 40 investigators attendet! this. summer lab- 
oratory each year. Duiring the seven years 200 research work- 
ers in botany, zoology and geology from the United States, 
Cana da atid Japan were In attendanee at this stat ion in the 
wilds of Vancouver Island. It may be stated Ibat this Io- 
cality has been pronoimced by experieneed European travelers 
as one of the best in the world for hiologiral research. 

The Station is situated on the Southwest em shore of V an¬ 
con ver Isi and sixty miles west of Victoria, opposite Cape 
Flattery. The shores are expnsed to the ftill force of the 
open waters of the Pacific, There are fmir different types of 
shore fnrrraHon: date, shale, satidstone and limestone. Eaeh 
is found to support its owti partictilar fauna and flora. Pot- 
lioles of all shapes and stzes are fnnnd in the rocky shelf 
exposed at low tide. These affnrd a marvelmts display of 
ptant and animal fnrms and opportimity for a study of their 
life histories. 

Became of the fact that the temperature of the air never 
rearhes the freezing pnint there is an excellent opportunity of 
stndy 01" all-fhe-yfrar-round problems. Bright sunny days are 
uncommnn as foggy weather predominatea. 

Dmlng the years in whieh the station was regularly main- 
tained ahnnt fifty botanica! papers were published* The organ 
of puhlicafion of this station is “Postelsia,” the Yearbook 
of the Minnesota Scaside Station. Two vojumes ha ve so far 
becn published. 
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THE PUGET SOUND BIOLOGICAE STATION 


By T, C, Fave, Director 

The Puget Sound Biologica] Stat ion of the Universi ty 
of Washington is located at Friday Harbor, Washington. 
Work was begun in 1904, but little attempt was made at re- 
search. The time was mostly devoted to classes and to coi- 
lecting, with a view to studying geographica! distributiori. No 
buildings were erected until 1910, and equipment was returned 
to the utiiversity at the dose of each summer session. Classes 
were held in rented canneries and other buildings. The chief 
aim in the dass work was to produce better teachers of 
biology. 

Beginnmg with 1914, research was made one of the 
chief aims of the Station. With this in view a library was 
begun, which has now reached about 750 volumes. With the 
same end in view, the publication of a series known as “Publi- 
cations of the Puget Sound Biologica! Station” was begun in 
1915, This series has reached nearly two volumes at present, 
and will likely increase annually for some time. It consists 
of 52 articles, about half bt>tany and half zoology, 

Its buildings have a floor space of about 4700 sq. ft, 
devoted to zoology, about 1500 sq. ft. devoted to botanv 
and about 1500 sq. ft. devoted to mess, sociat gatherings 
and storage. Usual Chemicals am! glassware are at hand, as 
are also row boats. A shrimp steamer is rented for trawling 
purposes. 

The chief lines of work have beeti ecological and physio- 
logical, with a view to explaining the distribution of plants 
and an ima Is on the basis of their reactions to physical and 
Chemical factors. This has grown out of worte in geographica! 
distribution. 

The station is open for work only about 3 months during 
b weeks of which class work is given, The work of the Station 
must therefere be largely what those who come there are 
prepared to do. Work along almost all lines is done. Hard 
rocks and the swift tidal curreuts through the chaunels between 
the islands favor a rich fauna and flora, while tides of twelvc 
nr thirteen feet make the shore materiat easily availahle. 
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The atteudance this year reached about 65. ot" v.hcm 
about io per cetit were under-graduates, and about 20 {cr 
cent had doctor*s degrees. 

The Station is supported almost wholiy by the Univers iy 
of Washington, and at prescnt costs the State about S4000 a 
year, in addition to the funds derived tbrough a fee of $13 
a person and tbrough the sale of biological materiai The 
last two items bring in about $1500 more, making a total of 
about $5500, 
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HOPKINS SE ASIDE HIOLOGICAL STAT ION AND THE 
STEINHART AQUARIUM OF THE C ALI FORNI A 
ACADEMY OF SCIENCES 

By Barton W. Evermann 

I cannot speak officially for the Hopkins Biologica! Station 
of Stanford University, but as there is no one present represcnt- 
ing that station, I shall make a brief statement regarding it, 
This station was cstabsished sotm after the founding of Stan¬ 
ford University and is the oldest biological station on the Pacific 
Coast, It was established by funds suppiicd by Mr. Timotby 
Hopkins, one of the trustees of Stanford University, who has 
also suppiicd from time to time the fimds necessary for its equip- 
ment anfl inaintenance. The station is located at Pacific Grove 
crn Monterey Bay. 

It has largely functioned as an adjunct to the departments 
of zoology and botany, of Stanford University, and as a place 
where investigators from anywhere might come and study prob- 
lems in which they are mterested. The fauna and flora of Mon¬ 
terey Bay are 50 rich in species and individuals including numer- 
oiis forms of unusual or specta 1 interest, that many investigators 
have availcd themselves of the exceptional facilities there afforded. 

Recently a new laboratory building has been erected, This 
building was carefully planned as to intemal arrangcment and 
architeetiiral appearance, The equipment has becn materially 
improved and provision made for more adequate funds for niain- 
tenance. Dr, Walter K< Fisher, of the Department of Zoblagy. 
Stanford University, and curator, Department of Invertebrate 
Zoology in the Museum of the California Academy of Sciences, 
is the permanent Director, and the station is opeti throughout the 
year, I ani sure that Director Fisher and the other biologists at 
Stanford University will cordially cooperate with the biologists 
connected with the biological stations in the Pacific area, 

The facilities of the California Academy of Sciences for 
biological research consisl of the laboratories of the various 
rlepartmetits. particularly those of botany, entomology, herpetol- 
ogY, invertebrate paleontology and conchology, invertebrate 
zoblogy, mammalogy, and omithology and the library, Several 
of the departments of the museum are rich in collections from 
the Pacific and the countries bordering thereon. This is par¬ 
ticulari v mie in entomology, ornithologv, herpetology and conch- 
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ology. The facili des of these departments are fairly good for 
the study of Pacific material in these lines. 

Kecently the Academy received a gift of $250,000 with 
Avh ch to btiild and equip an aquarium. The gift was made by 
Mr. Ignatz Steinhart, a pubHc-spirited ci:izen of San Fraiicisco. 

recenti y deccased. By the terrns uf the will, die aquarium will 
1>c locatcd in Goldcti Gatc Park, adjoining the Muscum of the 
Academy of Sciences, and the management will be under the 
Academy of Sciences. 

An amendmeut to the charter of San Francisco was recently 
adopter! which directs the Board of Supervisors of the City ot 
San Franciseo to appropriate and pay over to the Academy of 
Sciences, annually, no! iess than $20,000 for the maintenance of 
the S:einhart Aquarium, This sum will probabJy be inadequate. 
but if the Aquarium proves the success we hope to make it, it is 
believed publk senti ment will support the Supervisors in increas- 
ing the allotment, 

The aquarium will liave, as a part of its equipmetit, labora- 
tory facilities for The study of aquatic life; intieed t-here is a 
very strotig probatu 1 i ly that another publk-splrited citiaen will 
snpply a spccial fitnd for adequately equipping and endowing a 
thoroughly modera up-to-date biological laborator}' in connection 
with the Steinhart Aquarium. When this, is (Ione the Academy 
of Sciences through its various departments. library and 
aquarium will, it is helieved, be in a positton to render efficiem 
co6|te rati 011 with in vestiga tors interested in Pacific problems. 

Besides these faciiities for cooperation offered hy the Cali- 
fortiia Academy of Sciences, there are the library and collections 
of the l niversity of California, and the great ichthyological eol- 
lections and library of Stanforci University, And I must not 
neglect to metit ion the California Fish and Gaure Commi ssion, 
whicli. with Us various patrol boats, espedally the Albacore. can ’ 
and will no dcniht hc glad to assi st materially in work along the 
Cali f( >mia eoa st. 
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THE SCRIPPS INSTITUTION FOR BIOLOGICAL 

RESEARCH 

Bv GeorgE F. McEwEn, Oceamocraphek 
arstract 

In the absence of Dr. Ritter, Director, this outline of the 
history and scope of Scripps Institutjon is presented, 

When, jn iSpi, Dr, Ritter was called to the newly formed 
department of biology of the University of California, be recog- 
nized that the Pacific waters along the west coast of North 
America constituted an aimost virgin field for scientific investi- 
gation. He soon £ound f however, that the San Francisco Bay 
region did not contain many of the plants and animals that are 
most character i Stic of the open ocean; and in [892 a temporary 
laboratory for marine work was erected at Pacific Gro^e, from 
which station during the summer of 1892, and succeeding sea- 
sons, experiments were carried on as far south as San Diego. 
Fmm 1896 to 1901 no seaside laboratory work was maintained, 
but collecting trips were made along the coast from San Diego 
to Alaska by various members of the biologica! department. The 
experience thus gained indicated that San Pedro was an espe- 
cially favorable spot from which to carry on marine studies. and 
accordingly a seaside laboratory was established there, and dredg- 
ing, trawling, collecting and also bvdrographic work was done 
during 1901 atid 1902. 

During the following year be:ter accommodatioris were 
found at Coronado and a local organization was formed and 
resident naturalists employed for the purpose of making a "Bio- 
logical and Geographical Survey of the Waters of the Pacific 
Adjacent to the Coast of Southern California." The village of 
La Joila, about twenty miles north of Coronado, was the home 
of the enterprise from 1905 to 1909. The present home is on 
the coast two miles north of La Joila, a location determined by 
favorable conditions for collecting, abundance of pure ocean 
water and a large area uncontaminated by iiidustnal plants of 
cities. On August 6, 1916, occnrred the dedication of the latesr 
additions to the present piant, consisting of the public aquarium, 
a concrete pier, two large concrede huildings for laboratories. 
library, museum and administration. In 1912 the local orgatii- 
ation tumed over the institution to the University of California 
and the namc was changed from The Marine Biologica! Asso- 
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ciation of Sati Diego to the Scripps Instirution of Riological 
Research of the Utiiversit y of California, 

Financial support for the earlier activities was in part from 
the University of California and in part from private subscrip* 
tions. From 1905 to 1912 fumis for extensive field work werc 
provideri by Miss Eli en Scripp and Mr. E, W. Scripp. Silice 
1912. wheti the msiitution was taken over by the University ot 
California the public has contributcd largely to its snpport in 
addition to the regular income of the Scripp endovment and 
from the small funds given from time to time for speci ai purposes. 

When pians for tlie investigation of the biology of the 
watcrs of tbe Pacific were formed, the need of the rombined 
cfforts of a ntimber of individuals of varyirg qualificatiom vas 
recogntzed, and particularly sinte 1905 pro vision has twen made 
mainly for team work rlirected tnwarrf dertnite ends. and :he 
soitttioti of certam biologica 1 problems of the sea, has received a 
large sh.are of atlention, Although a salaried staff ha ve devo;ed 
ali thdr time to problema chosen by the institution r other inves¬ 
tigator* wishing to work o:i prcblem* of tbeir owii, ha ve ahvays 
bccn welcome, and marty ha ve taken advantage of tliis oppnr- 
tunity. The resources of the institution arc availablc alno for 
invcstigators dcvoting tbeir atrcmion to land aniinals. The insti- 
tution's probram of marine biology and hydrography has becn 
based Iargcly on probletns suggcstcd by the generat qucstion of 
tlie seasonal distribution oi eaclj species of organisms, its iiori- 
zontal and vcrtical distribution, its fuud and reprxiduction, migra- 
tif isi and relalicm to the enviroumenial factors, or physical and 
Chemical condi tions of the water. In other vvords, the major 
work of the institution has beeii in the field of what is now 
generali)’ known as Ecology. These intensive investigatione 
have foeen limited to a few groups of the rr.ost abundant plank- 
ton, the Chaetngnatlis. Copepixls, Ascidians, Diatonis and Dino- 
flagellatos, Sudi probletns have been attacked maitily by mean> 
ot quanti tat: ve fiekl collcetions and observations, where control 
over the corni ttions was imposstble. This field method bas been 
supplemetite-.l hv laborator)’ experimenta, and jt is recognized 
that both methods liavc tlieir place in tlie attempt to answer such 
queslions, 

The need of giving special attention to the en viro 1 unent, 
that is, to the physical and cheniical conditions in the scaj led to 
tlie addition of a phyaicist to the sYaff in 1908. Sirce then con- 
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side rabie attention has lieen directed not Otily to making obser- 
vations relative to the water, but also to a few seleeted problems 
of physical oceanography suggested by these observations, Cer- 
tain results of these studies have provcd of value in interpreting 
the biologica! data and have clearly shown the close relation 
between ocean and atmospheric phenomena. Atterit Ion has been 
given also to quantitati ve methods of dealing with the data, with 
a view to getting at the deeper significance of the facts observed. 

The work at sea has not been as continuous as the problems 
need. eitber from the standpoint of biolagy or physica! ocean¬ 
ography—-a sttuation which has been remedied to a certain 
extcnt, dtiring the last fi ve years, by regular daily collections 
and observations from the mstitution’s pier and by daily collec¬ 
tioni by cooperative observers at a series of fixcd positions along 
the coast from San Diego to Pacific Grove. 

Akhough the Scripps Institution has been engaged primarily 
in research in pure Science, it has cooperated for ten years with 
the hureau of soils in the study of kelp and to a Umited extern 
with the bureati of fisherics, and with the State Fish and Game 
Commis sion, 

Formal instruet ion is not carried on by the Scripps Itistitu- 
tion, but opponunities are offered to graduate students for 
advanced work pcrtainmg to the fields of investigation in which 
ihe institution is engaged and in contiection with the work of the 
museum and aquarium, a supply department is operated for 
fumisliing educational institutions with marine aninials from 
the Pacific coast, 

Fnrther information regar ding the Scripps Institution is 
presented in various published papers, especially in one by the 
director, entitled “The Marine Biologtcal Station of San Diego, 
Its History. Prescnt Conditton, Achievements and Aims.” 
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THE IM PORTA N CE OF SYSTEM ATIC EXPLORAT ION 
OF THE LAND FAUNA OF ISLANDS IN THE PACIFIC 

Bascd on data colkcted by C, W. Ridrniond and arrgnged by T. S 

Palmer, wkh notes by R. C. Oberholser and Leonard Stejneger. 

By E. W. Nelson, Chief, Bukeau of Biological Survey. 

Department of Agricultore, Washington, D. C. 

INTRODUCTI ON 

Since the day$ of Darwin’$ i n vestigat ion s in the Galapagos 
Islands interest has steadily increased in the many problems 
relating to the life history and distributiori of the higher verte- 
brates on the islands in the Pacific Ocean* Notwithstattding this, 
comparatively few of these islands have been thoroughly exam- 
ined; in fact, aside frotn the Galapagos and Hawaiian islands 
and some collecting on Samoa and the Fiji islands, practicallv 
none of the small groups have been carefully studied. Binis 
naturally form the most interesting of the terrestrial vertebrate*. 
Indigenous mamma Is are comparatively few and the number of 
species of reptilia and amphibians is relatively small. Even in 
the case of birds, our knowledge at this late date is extremely 
fragmentary and based on casual collecting rather than system- 
atic exploratiori. On some of the more important expeditioris 
zoblogical collecting was merely incidental to other work and the 
labors of naturalists were limited to a few howrs on shore. The 
main object of Capt. Cook's voyages was not zoological collect¬ 
ing; the voyage of the Blonde was undertaken to convey horne 
from England the remains of the deceased king of the Sandwich 
Islands; and the Wilkes Exploring Expedition was so occnpied 
with other matters that the naturalists were often handicappcd iu 
their work and frequently had but a few hours to spem! on shore 
on some of the islands, while others were passed untotiched. 

When these facts are recalled it is not surprising that even 
on the islands which have been most thoroughly worked, ihw 
species are stili fotitid. In fact so little is known of the toblngy 
of the region that Information regarding even the best expleri d 
of the larger islands is today in iiiuch the same condit ion as ihai 
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of the Hawaiian islands tliiity years ago when tlie Hawaiian 
grotip was regardcd as fairly well kttown. More careful scarcli 
since that date lias brought to light at least ten new genera of 
hirds, the last (Dywmorotlrepanis) describet! in 1919. With one 
excepi ion tliese are ali lantl birds and are so distinet as to cause 
considerable discus sion as to their family posilion, The larver 
islands in the Samoan group, the Fijis, and the Carolines may 
ha ve similar novelties. On the otber lianti practically nothiiig i' 
known of the birtls of Easier Island, althongh it was visited by 
Capt. Cook a century ar.d a half ago. and subsequently a small 
land bird was reportetl as present. The family to which this bird 
belongs is stili imknown. It so happened that at tbe time of 
Cape, Cook’s visit tbe naturalists, J. R, and Georg A. Fors ter. 
were ill. otherwise more definite knowledge might ha ve lieen 
obtained regarding this species. In recent years the island has 
been titilized as a range for cattle, horses, and sheep and in 1886 
supportet! abotit eighteen thoitsaud sheep, A South American 
tinamou and probably otlier birtls iiave been introducet!, but from 
a distriluttiotial point of view the identity of ihe native land bird 
is of pecnliar interest in view of the fact that the nearest isiand, 
PitCEiirn. from which it miglit have been detived. is several biri- 
dretl miles distant. 

Even nf some species which have been tiescribetl existing 
knowledge is cxtremely vague and slight; no specimens have 
been ree ei ve d and the species are known only from drawings 
ha sed upon field sketehes, Aside from tbe Hawaiian birds prac- 
tieally nothing lias been recordet! oonceming the anatomy of the 
great majority of the known species. If tlie results of Gadow s 
investigatum of a small collection of Hawaiian birds in alcohol 
may he taken as a criterion, results of the highest importance 
may be lookcd for when the anatomy of otber insular fornis is 
hetter known. 

Xowhe-e in tlie nor d perhaps ane terrestrial fornis of verte¬ 
brate lifp snhjert to "rea ter dangers and vicissitudes than iliose 
in tlie isolated cnlonies nn rhe Pacific islands. As mentioned fur- 
ther 011. practically ali tlie destructive agencies of nature, ittelud- 
ing fire. tida! wuves. hurricanes. and tlie inevitable destruet ion 
d ie to occupatiori bv imn. sncb as deforestation, cultivation ut 
the land. fire-arms. and the introductum nf new enemies in the 
form of domesticated and wild aiiimals and hirds, are hastening 
the exterminat ion of mary species. With settleinent nf the islands 


DijiLiiiiJ by GOi -gle 


Origmalfrofri 

H^RVARD UNiVERSITT 



SUGGESTIONS FOR BlOLOT.lCAL WORK 267 


have come also some of the worst pests from otlier countries 
stieh as the mongoose, rats. miee. and cats, 

While much progrcss has been made in invesiigattng proh- 
lems in oceanography and vulcanolojgy. and in studying the for- 
mation of coral islands and the wcalth of marine Iife of the 
Pacific, and much stili remaius to be doue in ali of tliese subjeets. 
slrange to say comparatively little lias heen attempted in tlic 
direction of systematic exploration of tlie higlily speciali zcd and 
interesting land faunas. In tbe case of a miniber of species of 
hirtis there are no specitnens in nuisemns—and ne ver have lieni 
any—since they are known only from drawings and descriptions. 
Jf the work of investigating tlie fati na of the islauds is noi soon 
undertakeu, niany of the tnost interesting forms will have v*m- 
ished before any adequate informatum concerning their lifc his- 
tory or even the bare fact of their occurrence is recorded, The 
prescncc of rats anci inice and ccrtain hirtis on some of tlie isl- 
ands indicate former visits by man and care fu 1 study of ali sudi 
cases may throw light on the distribution of the native raccs and 
adei to our knowlcdge of some of the aborigines of Potvnesia, 

THE RECION UNDER CONSIDEHATION 

The wide expanse of the Pacific occan is dotted with niany 
islauds and reefs, diicfly volcanic in origin or nf coral forma - 
tion. scattered over an area representing nearly otu-fifth of the 
surface of the earth. Exclusi ve of Continental islatuls, tlie arcti 
under consideration includes in brnad terms the North and 
South Pacific from the Alent ia n Islauds to New /eulatsd and 
from the coast to America to the Philippincs. It includes ahout 
85 degrees of latitude from 50 degrees North to 35 degrees 
South, and [45 degrees of longitudc. from 80 degrees West to 
T 35 degrees East, It comprises the Uawaiwui islauds in the 
north, Juan Fernandcz in the somlieast and the Kerinadec 1-1- 
ands, New Hebri des, New Caledonia. Solomoti, and Marianm- 
islands in the west. but does not include hipaii, the Fhilippiiies. 
Celcbes, New Gitiuea, Australia, or New /calmid, Wilhm tlii- 
area are hundreds of islauds, some covcied with derw vegetati'm 
and others bare reefs or sand spit^. The majority are of great 
interest on account of the pecultar forms of lifc- which occur ori 
them, and because of the many probletns tuvohed in the di-trihti- 
tion of species. Of birds the mimber of ktioun "pecies i- nr<*l> 
ablv not le$$ than five hundred and of maiiiiiiab tlie miinhcr now 
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known is about fifty. These mammals are chtefly bats, rats, mice 
and seals but include several genera and a mimber of speciei 
peculiar to tUe islands. Many of the birds are rare and iucal, 
sume uf lUcm are starcely kncwa and a few of lliem are uun 
cxtinct, Among the nuraber arc some that are pecdiar to ooe 
or more idanch, and that represent genera not found clsewhere 
in tlie world, , 

There is no question that among the reptiles of Polvtiesia, 
few as the species are» many new ones yet remain Io be discov 
ered not only in the utiexplored islands but even in tho&e com- 
nionly visited by collector*. Among tlie lizards the most numer- 
nus fam i lies are those nf the skinks and the geckos Their dis- 
trihution in Polynesi» is very interpsting anci nften pnr.7-ling, but 
more reliable matcrial may solve some of the puzzles and a studv 
of their geography may throw light upon the question of a for¬ 
mer distribution of man in this part of the world. A boa-like 
gentis of snakes Envgrus» the nearest alleged relations of whieh 
live in tropica) America and Madagascar, seems to have its head- 
quarters in the Solomon islands. where three out of its four 
socies are said to occur. One of these species is supposed to 
inliabit New Britain, the New Hebncles, and the Loyalty Islands» 
as wcll as Rotuma and Sarnoa. while aiuther is known outside 
tlie Solomons only from Fiji and Tonga. The enormous Igua- 
noid Family of lizards, is with three alleged exceptions, confined 
to America: two genera occur in Madagascar and one genas 
witli a stngle species is reported in the Fiji and Tonga islands» 

Among Bztrachians the occurrence of a frog of the genus 
Cornu fer in the Fijis and its relationship with species of the samc 
genus in the Philippines and New Guinea stand in great nerd 
<>f iiLvcstigatioii, 

EARLY KN^LORATTONS 

Exploratioris of the islands in the Pacific date back almost 
exactlv 400 ycars to the discovery of the Philippines and the 
Ma Hauries by Magcllan iti 1521, Other i6th century discoveries 
of importance in this cotmection are those of the Carolines hy 
Vasco da Roclia in 1527. the Marshall Islands by AI varo de 
Saavedra in 1529, the Pelews by Villalohos in 1543, Hawaii by 
(taetano in 1555* tlie Solomon Islands by Mendana in 1567 and 
tlie Marqucsas by tlie same explorer in 1595. 

Tlie exploratioris in the i“tb century resulted in the discov- 
ery of the New Hehrides, Society Islands and T11 amotus by 
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Quires in 1606 and the Fiji and Tonga isiands by Tasntan 
in 1643. 

The l8th century brought to the charts the additions of the 
Gilbert Isiands, discovered by Byron in 1765, Pitcairn by Car- 
teret, and Tahiti by Wallis, both In 1767, Samoa by Bougatnvilk 
iri 1768, the Austral, the Hervey or Cook Isiands and New Cale¬ 
donia, all by Cook in 1769, 1773, and 1774, respectively, and the 
Ijjvalty Isiands by Butler in 1800-1803. Thus by the begimiiug 
of the igth century most of the more important isiands had been 
discovered, named, and chartcd» 

PECULIAR GENERA AND SPECTES 

An important part of the terrestria! munmals, birds, and 
reptiles ronsisfs of species that are pecuiiar to the region. 
Among the mammals are three genera of fruit hats, Melonyc- 
teris, Nesonycteris, and Notopteris, each represented by a singk 
species occurring or New Ireland, the Solomon Isiands, and 
Fiji, respectively, ard a bat {Anthops ornatui) of the family 
Rhinolophidae from the Solomon Isiands. Among other pecuiiar 
and interesting species are Nycteris semota from Hawaii, and ,V. 
brachvotis from the Galapagos, both related to the red bat of 
North America. Of rats ard mice there are a dozen or more 
pecuiiar species, among which may be mentioned Mus ntadeari 
and Mus nuiivifalis fiorn Christmas Iskmd; Bptmvs raffuj Ctf/r- 
doniens from New Caledonia; E. rattus jccobiae from the Gala¬ 
pagos : Mus huegcli and Mus musculus vit tensis from Fij:; and 
Mus musculus toiiiensis from Tahiti, 

Among the birda the most atriking forms are peshaps the 
Kagu (Rhiroc Fietos) of New Caledonia, a tooth-btlled pigeon 
1 Didunculus), and a rail (Pareudiastes) on Samoa. On the 
Marqnesas ts a remarkable fruit pigeor of the gemis Serresius. 
in the Fiji Isiands a timeline bird of the genus Lamprolia repre¬ 
sented by two species, and an orange fruit pigeon (Chrysaenal 
comprising three species. On the Hawaiian isiands are a num- 
ber of genera induding Chloridops, Ciridops, Chaetoptila, Dre¬ 
panis, Mohc, Palmeria, Pseudonestor, Rhodacanthis, and Viri- 
donia. Of these perhaps the ones of most geueral interest are 
the Oo (Moho nobilis) and Mamo (Drepanis pacifica) which fur- 
nished the bri Hiant plumage for the royal robes fomierly worn 111 
the isiands. South of the Hawaiian group, Juan Femaudez, the 
Gakpagos. Solomon s, New Ireland, New Britain, and the Kcr- 
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madecs, are knowrt to contain peculiar groups, includ in g 2 fam- 
tlies, 23 (or more) genera, and upwards of 300 species. How 
many unknown fornis there may be, no oue can say. 

EXTINCT SPECIES 

IIow many of the rare and in tere st i ng forms of terrestrial 
lifc arc now extinct is unknown, owing to tlie rapid changcs 
which ha ve been going 011 in recent years and through increasing 
contact with civili zation for a century or more, Zoological news 
from sonie of the islands is very itifreqtient, and an explorer may 
report a species from a cerlain island and fifty years later anotlier 
reports it not fotind, bnt when the species became extinct is 
unknown, The equinoctial warbler of Latliam was first observed 
in December 1777 011 the occasion of Captain CooVs visit to 
Christmas island bnt no further Information was received coti* 
cernjng it for nearly a hundred years until Dr. Streets, U. S. N„ 
found it in 1873-74, bnt Ilis speci mens were unfortunately lost, 
There are stili no specimens in collectioris and no additional mfor- 
mation regarding the btrd has been received since Streets* visit. 

Among the birds vvhich are now extinct the more important 
arc: Drapamn pacifica; Ciridops anna; a peculiar honey-eater 
(Chaetoptila) ; and a rail (Pennula millsi) from the Hawaiian 
islands; Acchmorhynchus cancellatus from Christmas Island; 
ProsoboHia leucopfera; and Flvpotacnidia pacifica from Tahiti: 
and the tnonotypic /'raversia lyalli from Stepheii Island. 

destructive agencies 

The native fauna and flora of the Pacific islands are subject 
to destruction by several agencies, some natttral and otliers <lue 
directly or itidireetly to the work of man, Among natttral agen¬ 
cies the more important are fire. voleame eruptions, hufricanes, 
and tidal waves. Among those attribittable to man may be men- 
tioned clearing latid for euhivation, introduction of fircarrm 
among tlie natives, introduction of domestic animals and graz- 
ing, introduction of wild rnarnnials and birds, and pliune hunting. 

Pire. When the naturabst LabtUardiere passed the island of 
St. Paul in the Indian Ocean in March, 1792, the forests of the 
island were on fire. The sanie tliing may happen at any time and 
probably has alreadv happerted on some of the drier islands of 
Polynesia. Jlennctt in speaking of oiie of the islands of the 
Marquesas grmip says that wild hogs were sometimes catight by 
setting fire to the thickets in which tliey lurked. 
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Volta it it Eruptians, Agassiz in his report on the coral 
islands of the Pacific gives maps showing the geology of the 
islands of Polynesia, indicating the active volcanoes. Without 
going itito detail it is sufficient to recall the dcstruction caused 
by the volcanoes of Mauna Loa and Manna Kea in Hawaii, and 
some of the resti It s of volcanic action in the New Hebrkles and 
in the islands of the Tonga group, Since the date of Cook\s 
explorations Yasua on the island of Tanna in the New Hebri des 
has been in eruptiou frequently and at times almost constantlr. 
In August, 1847» Fonualei in the Tonga group was dcstroyed by 
an eruption during which the inhabitants escaperl, but tlic vege- 
tation and probably some of the faima wcre dcstroyed. On Good 
Hope or Niuafoou an eruption occurred in 1853 and again in 
1886 when the island was covered with ashes. Megapodes and 
probably olher birds were nearly extenninated and the vegeta- 
tion of the higher parts of the island probably was much dain- 
aged. This island is only thfee and a half miles long by three 
miles wide and has an altitude of 588 feet. Falcoti island, of no 
specia! interest to zoologists or botanists since it last rose froni 
the sea t was at one time two or three miles long and reached an 
altitude of 250 feet and then snbstded to the condition of a 
hreakitig shoal, ali in the space of a few years. The sanie calam- 
ity may overtake and probably has overtaketi olher islands on 
which the native fanna and flora had long been established, 

Tidal IVaves, Tidal waves as a resuit of volcanic action and 
earthquakes ha ve OccUCred at various times and places Init are 
frequent in Tonga. Accordiug to a recent press report. a tidal 
wave swept over Pangai, one of the islands in ihis group on 
April 30, 1919- devastating the island and reduci ng its 250 
inhabitants and 50 traders nearly to siarvathm, 

Hurrkanes. On some of the islands greal damage is dniic 
by hurneanes. In the Hervey or Cook Islands hurricanes necur 
chiefly in the mont-hs between December and Marcii: i 11 the Inii 
islands cyclones are frequent between the numtlis of Decetnher 
and April; and in the Tonga group burrteanes tikewNo ofien 
take place. In the Marshall Islands the Kili isleis were devas- 
tated hy r a hurricane in 1874. Se vera 1 hurricanes swcpl over 
many of the islands of the Tuamotu group in Scpicinlier. 1877, 
February y t 1878, and January, 1903. Iu the siorm of 1S7S 
tmich dani age was done tO the trees and in 11)03 the small bru-li 
wood was destroved on several of the islands. Li is sajd iliai in 
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the storms of 1877 and 3878 the sea washed completely across 
the isLand of Niati or Greig, probably destroying gTound-inhabtt- 
ing' species of birds if the same fate had not ovcrtaken them 
during previous storms. 

Cleartng the Land, Agricultural developmcnt secms likelv 
to prove the chief medice of the native fauna in the immediate 
future. The demand for land for pianti ng pineapples, sugar 
cane, and coconuts, particularly the 1ast f has resulted in clearing 
the native forests on a number of islands, particularly in the 
Hawaiian Islands and in some of the smaller groups farther 
sotith. Same of the Austral group, unknown zoologically, are 
heing sirtiilarly exploitcd. 

Introductum of Domcstic Animah and Grasing * From the 
days of the earliest explorers, deme Stic animals have bcen repeat- 
edly introduced, particularly horses, cattle, sheep, hogs, dogs. 
cats, and rabbits. Some of the larger islands now coutain sev- 
eral thousand cattle or sheep. The effect of grazing animals. 
more particularly cattle, sheep and goats, on the native vegeta- 
tioii is too well known to require special coinment, but the work 
of cattle in hastening deforestation on some of the larger islands 
is pefhaps nowhere better exemplified than on the island of 
Hawaii. An early as 1743 Anson found wild hogs in abtmdance 
on Huaheine Island in the Society group, and on Tinian Island 
in the Mariannes. Thirty years later Cook found that the native* 
on Tahiti and on Nomitka in the Tonga group had many tame 
hogs. About 1869 hogs were kept on Carolina atoll where they 
were fattened for the Tahiti market. Dogs which the Spaniards 
had set ashore on Juan Fernandez to kill the goats were reported 
hv Anson as extremely numerous in 1741 and as they were un* 
able to catch many goats, they had takert to eating young seals. 
Cook in 1773 left a pair of dogs 011 Tongatabu in the Society 
Islands, two pairs on Nomuka in Tonga, and in 1774 one pair 
each on Malektiia and Tanna in the New Hebrides. Contract 
laborers returning home to the New Hebrides and elsewhere. 
took back cats as pets, The destructive work of rabbits is not by 
any means confined to Australia and New Zea land bul is exem¬ 
pli fiet I in striking form on some of the smaller islands of the 
Pacific; for iustance, on Lysian ski, one of the smaller islands in 
the Hawaiian bird reservation. formerly cevere d with vegetation 
and uti Ii zed as a breeding groimd by thousands of sea birds. 
Rabbits were introducet! about twenty years ago. and in the 
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absence of enemies they increased to a point where the food 
supplied by native vegetatton proved insufficient and disastrous 
results speetiily followed. The rabbits devoured the native vege- 
tation and when this was gone, died of starvation, so that three 
or four years ago both rabbits and vegetation had disappeared 
and many of the sea birds which were accustomed to nest in the 
grass had departed. Thus in a space of less than twenty years 
the introduction of rabbits entirely changed the character of 
Lisianski, reduced it to the condition of a bate and sandy beach 
or spit and this resulted in a change in the character of the bird 
populat ion. 

A similar tragedy was enacted on Nepean Island, at an 
earSier date. 

Introductio» of Wild Animate and Birds. Experiments in 
accliniatization include some interesting transfers of native spe¬ 
cies from one island to another. The Laysan frnch and the rail 
pecuJiar to Laysan Island have been transferred to Midway Isl¬ 
and where they have done well. Domesticated canaries have also 
been liberated on Midway Island and are now breeding in a wild 
state. On the island of Guam the pigtny quail (Excalfactoria 
sin ensis) was introduced from Manila about 1894. The intro- 
duction of other foreign animals and birds have been less suc- 
cessful. Mynahs (Acridothercs tristis) have been introduced in 
Hawaii, Tahiti, and the Fiji Islands and mynahs and housc 
finches (Carpodacus m. frontalis) in Hawaii, weaver birds in the 
Society Islands, and other species on other islands. Perhaps the 
itiost striking example is that of Oahu, where most of the binis 
commori ly seen in the vicinity of Honolulu are introduced species, 
These include not only the mynahs and house finches above men- 
tioned, bnt also the European skylark, Caiifornia valley quail, 
japanese pheasatits, ring-necked pheasants, and Chinese doves. 
On the island of Hawaii, an Australian parrot (Plalyccreus pal- 
Ikeps) has become well established. Some of tbe experiments 
involving introduction of foreign animals and birds have on the 
contrary had disastrous effects both on agriculture and on the 
native fauna. Conspicuous examples are the clestruction caused 
by the mongoose in the Hawaiian Islands and in Fiji, and by the 
rice birds (Munia nisoria punctata) to rice in Hawaii. 

Plumc Hwrting. The pursuit of ccrtain bright-pluniaged 
birds of the Hawaiian islands, the feathers of which were utilized 
in making the royal robes, has resulted in the extermination of 
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tlie manio and reduced the oo to a point where it is neariti^ 
extinction. The demand for tern* and albatrosses and certain 
sea-birds which w^ere utilized several years ago for millinery 
p.irposes caused expeditione to be dispatched to soitie of the 
smaller islands where these birds nested in enormcus colonies 
Three raids of pkime humer; on Laysan and Usianski during 
tlie Ia st twenty years have resulted in the destruction of probablv 
a mitlion hirris, Mkfway Island has also suffered from the visits 
of pltitne htmters and Marcus TslanH was deva stateri in tlie sanie 
way abont if)D2, These cases merely illustrate the enormous 
destrurtion of hird tife which has probablv occiirred on other 
islands of whirh at present no remrd is a valla hi e. 

THE EFFGCT OF ExTLOtTATlON ON THE NATIVE FAUNA 

It is neither tlesirable nor possible to go itito detail conceri- 
ing tlie recent explcitation of the various islands, but a fcw cases 
will illustrate the radical changes which are likdy to occur in 
the immediate future in the progress of development. As an 
exainple may be mentioned the four islands of the Fannjng 
group, Palmyra, Washington, Christmas, and Far.ning. Ali are 
rtow in private hands or leased to private individuals. Palmyra 
is the private property of a citiier of Hawaii and for adminis¬ 
trative purposes is now attached to the County of Oahu. Inas- 
imich as an exhaustive report on this island has been recentEy 
ptihlished it is unnecessary to ftirther refer to it in this connce- 
lion, Christmas Island was leased some years ago to a firm in 
Auckland, New Zealand. This firm plamed thousands of eocoamit 
trees and in r886 had a lease on several other islands and was 
arranging to establish graves an them, Its native fauna includes 
tuo rats and a shcarwater. Washington Island is about ihree 
and a lialf miles long liv onc and a quarter in width. Of its 
fatma ive knovr a pcculiar species of duck (Chaulelasmus couesi), 
a parrot f Cori philus tcnhU), and a warbler of the genus Conopu- 
deras of which the species is stili tmknown and no specimens are 
extam in atty museum. Foreign lalxir has been importet! from 
Tahiti for the purpose of pressing eoeumit uil. Fammig Island 
now a cablc sint imi for the cable ft uin Vattcouver to Suva, Fiji, 
is abont nine and a lialf mites ii■ length by four in width and has 
a large sliallow lagfwn. The onty laml hirtis known frum this 
island are Convpodcrvs pistor which is peculiat lo Lhe island, and 
the brillismt parrot (Curiphiiits knJtli) which is also foumi on 
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Washington Island. The former species has never been compared 
with that on Christmas Island as no specimens from the latter 
island are now extant. Not only has Fanning Island been devel- 
oped as a cable station, but labor has been introduced from other 
islands to collect copra, and a ride rauge has been cstablished for 
the employees. Tire effect of this development on the native 
fauna, compristng the two land birds and a species of duck, may 
be readily imagined. 

In the Phoenix group immediately to the Southwest, prac- 
tically ali of the islands were leasetl to the Pacific Islands Com- 
pany in 1899 for coconut planting. These islands included 
Bimie. Canton, Enderbury, Gardner, Ilull, McKean, Phoenix, 
and Sidney, together with the neighboring islands of Baker and 
Howland. Thus practically the entire grotip has been leased 
for private exploitation. Among the birds fonnd on these islands 
is a species of duck (Dafila modesta) known only from Sidney 
Island and probably represented in museum s only by the three 
original specimens. Its status is not fully understood and more 
facts concerning it are very desirable. The fate of such a bird 
at the hands of introduced laborers can readily be itnagined, as 
it would be considcred merely a wild duck and can l>e easily 
exterminated on an island which is only two miles long by one 
and a half miles in width. 

SUGGESTIONS FOR A SURVEV OF PRESENT KNOWLEOCE 

As a basis for syslematic cxploration and future work a gen- 
eral survey of all available data of the fauna of the islands 

should be made at once. Such a survev should include: 

#■ 

r.Lists of the mammals, birds, and reptiles showing the 
species now known from, each island. 

2. A eheck list of the birds of the Pacific region with a 
brief statement of the distribution of each species and a 
reference to the original description, type locality, and 
present location of the type if known. 

3. A list of all introduced species including those trans- 
ferred from one island to another, with full notes as to 
date of introduction, sub sequent history, and other data 
regarding the experiments, Tliis list should include 
also the dates of original introduction of domesticated 
animal s. 
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4. A bibliography of atl publications rclating to the Eootogy 
of the islands or bearing in any way on the distributiori, 
habits, or life history of the various species. 

5. A series of topotypes should be assembled as rapidly as 
possible in sotne Central museum so that nearly related 
forms from neighboring islands may be readily com- 
pared. Some of the original types are no longer in 
existence and others are widely scattered among the 
grcat museums of the world so that such a series of 
topotypes would be invaluable for reference. 

6. Cave deposits and kitchen-midden material should be 
carefully examinet!; skeletons, etc., should be gathered, 
for many species are doomed and material must be soon 
eollected, or not at ali. 

Nowhere in the world can the forms from these islands be 
studied with the same faci I ity as is possible in the case of tbose 
of most of the regiom of the mainland. With such Information 
and material at liand a broad foundation will be laid for future 
work in connection with which changes in the fauna of the 
islands can be recorded with aceuracy and precision. 
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STATUS OF WORK IN MALA.COLOGY 

Bv C. Montac.uk Cooke, Jh., Malacologist, Bishop Museum 

(Presemed at thc requcsi of the Committee on Program.) 

According to your request for a statemcnt relative to the 
Condition of work to date on terrestrial tnalacological problems 
in the Pacific, I would say that most of the work is stili undone. 

Valuable monographs dealing with different genera have 
been prepared and I might mention those bv Pilsbry in “The 
Mamial of Conchology," Crampton, Mayor. and Hartman. Since 
Garrett's time, in the eighties, as far as I know, very few lists 
have been published dealing with the total shell fauna of groups 
of islands except one by Tom Iredale, covering the Kertnadec 
Islands. Up to the present time, far too little attention has been 
paid to genera of the small and minute specimen*, nearly ali ool- 
lectors spending their time on the large and showy species, as, 
for example, the many monographs dealing with the genus Far- 
tula. The only minute families living in the Polynesian region 
that have been monographed to date, as far as I know, are 
Pilsbry^s publica tions dealing with Tornatellinidae and Fupillidae 
in volumes 23 and 25 of " The Manual of Conchology.' 1 

My suggestion is that intensive collecting be done on each 
ijroup of islands of the Pacific and that papers dealing with the 
entire shell fauna as known from a group of islands or a single 
island should be published, A large amount of time will be nec- 
essary to accomplish this, when we consider that probably not 
one-half of the species of the Oahu fauna have been deseri bed. 
Later, papers dealing with the different gronps of islands cotdd 
he generalized itito a survey of the wlmle Pacific. 
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PRGGRAM FOR WORK OX LAXD MOLLUSKS 
By Heury A. Filsbry 

As land mollusks are an important group in zodgeographv. 
it is recomniendcd that material for a comparative study of the 
soft anatomy of land snails should be obtained from all the high 
islands of Polynesia, Micronesia, and Melaitesia. At the samc 
time, faunistk colleetbns should be increased as much as pos- 
sible by examining islands not now known or only superficialiy 
collected over. At present the mequalities in our collections stand 
in the way of definite comparisons of island f annas, The relia- 
bility of our estimates of the relationships and probable source of 
a fauna increases directly with the completeness of our colice* 
tions and the right appreciation of the systematic relations of 
the genera and species. In a mrniber of Polynesian families,. 
such as the Zonitidae, the taxonomy is now nebulous. Being 
based on the shells alone, it is empirica!, since the important 
features are in the soft anatomy. In others, such as Partulidae» 
the relations of the groups on different islands are uncertain. 
and afford no solid basis for tracing the streams of migration. 
The collectiori and preservation of specimens with the soft parts 
is urgently needed. 

It is believed that except in Hawaii, collectors have given 
their main attention to the larger shells. Where Partula, Placo- 
stylus and the like are to be found, the small and minute snails 
genera lly have received scatit attention. By modern methods of 
collecting it is believed that large and important additions can be 
made on any high island, Such collecting has vastly increased 
our knowledge of the Hawaiian mollusk fauna in the last few years. 

A beginning may well be made on especially important 
points, I wotild suggest the Marquesas, Rapa, any high islands 
of the Austral grotip, Samoa and Fiji H Further north, snme of 
the Carolinc group appear to be degraded high islands with inter- 
esting fauna! pccttliarities. The Pelew grotip also deserves 
attention. 

Since over-sea drift is thought to be a factor in the dlspersal 
of non-marine mollusks, the limit of toleration of sea water 
should be ascertained for small land snails of different genera. 
To be of any value the experiment should approximate the nat- 
ural conrlitions in the open sea. For imtatKe, snails should be 
allowed to scal themselves to branches, in knot holes, or to 
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crawl under bark. The objects should then be moored to a 
stake tiy a Une pertnitting free drifting. Among marine mol- 
lusks the duration of free-flwimming stages should be ascer- 
tained for as many genera as possible. The distribution of forms 
wiihout a floating larval stage should be determined in detail. 
Snch work could be carried on at Honolulu or Pearl Harbor and 
would afford sume definite data where now a II is guesswcrk. 


Digtized by Google 


Urigmel trom 

HARVARD UNIVERSITY 



DrRECTIONS FOR COLLECTING LAND AND 
FRESH-WATER MOLLUSKS 

By Henry A, Pilsbry 

APPARATUS 

The only apparatus absolutely essential are sharp eyes and 
a bottle or box to contain the speci mens, but part or ali of the 
following are needed for the most efficient collecting: 

Forceps with very weak spring, fine points. YT long. 

Eye. dental, or hypodermk syringe, the pnint blunted to give propfr 
st ream, 

Hooks (readily made by beati ng and bending the poirtt of a small 

hat pin). 

Wide-mouthed, four-ounge bottles with corks. 

Vials and small bojces for little shells, and chocolate-lin ot other 
cenita iners for larver specimens. 

Cheesecloth—plenty of it—and cotton for padcing. 

A strong “kmding net" frame, to be fitted with cheesecloth cr 
imbleached mtislin hag for “sweeping,” or with burlap or other loosc 
materini for scraping the botlom in ponds or streams, A quarter-inth 
wire, bent into a circle. with two ends at an angle for lashing to a siicfc 
or pole serves equally wtll, 

Alcohol. 

Stout paper for labeis. 

Wheti a snail i$ fotind in abundance, take plenty ’ it may not 
be found anywhere else. Many suatis arc very local—in a singk 
valley or smaller area. A “dead” shell is far better than tKW- 
but get liyingones if possible. 

TREPARATION OF ORY SPECI MENS 

After (Jrowiiing, the animals of large suails may be 
“squirted” with the syringe or pulled with a hoo!t or pin; those 
frorn one locality wrappcd in cheesecloth, labded* anci Ining 'ip 
to dry in the shade, Pack only when thoroughly dry, as odier- 
wise they are likely to mould. 

Small and minute shells (except those preserved for dissec- 
lion') may be placed in alcohol at once to Icili them, then drid. 
or left in the alcohol, The latter is safer in Hat, humid clivales 
as there is danger of monlding, This applies to Pup illidam 
Tornatcllinidae, and others of that size, Ne ver use forrnaliue 
In the absence of alcohol, use whiskey or other strong spirit 

Drown suails by imtnersion in a vessel full of water, 12 ro 
24 hours—until the ex t en de d animal ts not sensitive to the touch 
Transfer to ahout 33 per cent alcohol: after 24 hours to about 
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66 per cent. After curing thus, mollusks may be packed for 
shtpment with only enough alcohol—66 per cent—to keep them 
moist. ALcohol used for curing may be used again by adding a 
little fresli alcohol; the exact proportions are not essentia!. 
Snails placed at once in alcohol contract so muoh that dissection 
is diffieult or impossible. If single specimen s or very few are 
founcJ, the animal may be removed and pickled and the shell 
preservtd dry, care being taken to give both the same numbcr. 
This applies chiefly to large or medium-sizcd snails, 

Small shells, up to half an inch long, may be collectcd in 
vials. Fili the vials with water over night, then replace most 
of the water with alcohol. Such vials may then be plugged with 
cotton and packed standing in fruit jars, with cotton between 
layers and a little alcohol added, Add a label in the vial, 

Fresh water snails often cannot be killed extended. but 
slow nareotization by adding tobacco or tobacoo and alcohol to 
the water is sometimes effective. Quite small operculate snails 
may be killed extended by suddenly pouring boiling water over 
them when active. If opportunity allows, observe the locornnt ion 
of land operculate snails, whether evenly gliding, advancing the 
right and left sides alternately, "stepping, Tt etc. Is the muzzle 
(or oval disc) nsed in locomotion? 

WH£RE TO LOOK FOR SNAILS 

Snails may be looked for on the bark and leaves of trces and 
shrubs; in knot holes and under bark; on bananas, ferris, and 
herbaceotis plants, chiefly in the humid zone. 

Many minute snails, like Fupillidae and Tornatellinidae, are 
found on trees—mossy trunks in the humid zone, but also iu 
rather dry places, in crevices of bank or under loose bark. They 
are often very local, plentiful on one tree; rare or wanting on 
others. Don’t give up the search too soon. Many species are 
as small as a tenth to a twenty-fifth of an inch in diameter. 

Look on and under rotting wood on the ground; also iu 
tlie leaf debris of woods and thickets. Collect a peck or so of 
this debris in bags (salt or flour bags serve very well), or in 
squares of cheesecloth, to be looked over at horne, or dried, con- 
centrated by rejection of coarsest materials, and shippcd to be 
sieved and looked over with a lens in the laboratory. This has 
proved to be one of the most productive metkods , By this 
mcthod shells are found which would nover be seen in the fielil. 
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Fallen palm and banana leaves should be looked over for 
small snails ; they are often productive. Look also under stones, 
on ledges of cliflfs and around rutns and abandorted buildings. 

The “Landing net” with bag of cheesecloth or unbleached 
mus-lin may be used to beat and sweep grass and fems for minute 
leaf-inhabiting snails. A cyani de bottle should bc at hand for 
killing the insects obtained incidentally. 

Fossil shells are often to be found in quantity in super¬ 
ficia! soil where there was formerly for est. They shotild be 
looked for also on and around raised reefs, sand dunes, aeolian 
rock, in ravines or gullies at low devations, and on arid volcanic 
cones. Such deposits are very numerous in Hawaii, probably 
also in Polynesia. They usually contain species now extinct, 
sometimes extinct genera, and are of the first importance. De~ 
forested places or islets are highly promising situations for 
exposures of such deposits. Wben shells are abundant, scoop 
up shells and sand or earth in quantity to be picked at home. 

Fresh-water shells inhabit most streams. When possible, 
collect at several places In the same stream, notitig di sta nc es and 
elevations. At different levels ecologic fornis of the same species 
usually occur; also in the intertidal flats where streams debouch. 
Examine dripping rock faces. 

Rice or taro plantations have other species, Look on lily 
pads and their stems. Masses of fine water plants should be 
hauled out, partially dried f and shaken over a paper or cloth. 

The landing net frame fitted with a burlap bag is indispen- 
sable for collccting fresh-water shells living btiried in mud or 
sand. 

LABELS 

WTite with soft pendi on a tough paper Note islaitd, local- 
ity, station where fonnd (as under stones, on fems), and if few 
shells are collccted, note approximate elevatson, humid or arid 
conditione If the locality is productive, the particulars may be 
entered in note book. The fuller the record is, the better; but 
if time presses, note at least the locality and elevatioti. 

Collect ors of mollnslcs should always carry a cyanide bottle 
for insects. The collectiori of insects and plants can be carried 
on very well with mollusks; but it is a mistake to collect in too 
many branches. 
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Collectors should be provided with a little handbook of a 
few pages with photographs, giving what is known of the island 
or archipelago under examination, and directitig attentiori to par- 
tkular desiderata. These can be supplied by Cooke, Pilsbry, or 
yiliers on applicatiori lo the Bishop Museum. 
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STATUS OF THE GENERAL KNOWLEDGE OF THE 
PACIFIC FORAMINI FERA 

Bv Jcseph A. Cusum an 

FAUMAS 

In order to understand the foramini fera of any region it is 
neccssary to study them as belonging to severa! distinet faunas 
as follotvs: 

Pelagie. There are comparat i vel y few species, about thirtv. 
which are truly pelagie, Of these perhaps only ten are verv 
commoti. These are largely species of the genera Globigerina, 
Orbulina, Caivlciana, Hasterigcriria, and Pulvinuli na. These 
pelagie species are very widely distributed over the whole of the 
oeean. This is similar to what is known of other pelagie ani- 
mals and plants. As far as the knowledge of the Pacific at prem¬ 
ent sliows, the distribution of the pelagie foramini fera is verv 
largely determined by the force and direction of the oeean cur¬ 
renti, Most of the species belong to the family Globigerintdae. 

Abyssal. In the case of the abyssal f annas, temperature 
seems to be the conlrolling factor in their distributiori. The 
oeean bottom as a whole at considerable depth is cold, usually 
40° F. or less. As a resuit in equatonal regions there are found 
species and genera under suc-h conditions which are typical of 
Ilie more shallow but cold water of polar and subpolar regions, 
I11 the deep-sea fornis a re 11 aceo u 5 types p redomiti ate, especi&lly 
iliose belonging to the families Astrorhizidae and Lituolidae, 

Rccf Patinas. In tliis divisiori are included those species 
which are found in very shallow waters, often in the lagoon? 
insido coral rcofs, mostly water of less than 20 fathoms, but 
extending olit in sume cases to 40 fathoms. These include many 
of the iargest Lving foramini fera, such as Orbitolites, Amphis- 
tegina, Heterostegina, Operculina, ete. It is also the one great 
region* in which the Miliolidae are obtained in greatest abund- 
ance. Witli these are many Nummulitidae, Rotaliidae. and sonie 
Textulariidac. 

Mcdimn-Dcpth Paunas. At depths from 100-300 fathoms, 
corresponding to the edge of the Continental shelf, there is 
obtained a verv rich fatma in which Lagenidae and Textularidae 
predominate. 
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The last two of these faunas, those of shallow water, and 
those of medium depths are much the most interesting as they 
are more apt to contain new species and those of restricted 
distributiora. 

RELATION OF THESE FAUNAS TO THOSE OF OTHER REGIONS 
As has already been noted, the pelagie forms of ali the 
great oceans are very similar iu their species, The same may be 
said of the abyssal forms to a lesser degree. In the case of 
certain of the abyssal arenaceous forms there seems to be a 
very limited distributiori as far as present knowledge shows, The 
genera are often very widely distributed and the species them- 
selves are often very restricted. Oftentimes sucb species occur 
in enormotas numbers as has been noted in the collections south 
of the Philippines wherc certain species tnake up almost the 
emire mass of the bottom. It is in the shallower water faunas, 
however. that the greatest diversity of species occurs. As a 
rulc the coral reef faunas have in some cases a very local range, 
in others a range taking in the genera! Indo-Pacific region. 
There is often a great predominance of a few species, and a 
great many other species represented by a very few specimens. 
Certain of the species, however, are local ized, as for example, 
Bacttlogypsina sphaerulatus and Siderolites tetrae-dra , the former 
occur ring in the Atistralian regi oti and very abundant in the 
shallow waters, the latter wanting m the Australian region and 
very abundant in the Philippines. In the faunas of medium 
depths while certain s-pecies are more abundant than others 
there does not seem to be a great predominance of atiy particular 
species at the expense of others. With these last faunas there 
is more or less local ization of certain species if faunas from 
different regions are closely compared. 

H 1 ST 0 R 1 C SKETCH OF WORK OX THE PACIFIC FQRAMIN 1 FEKA 
The Pacific has had much less work done 011 the foramini- 
fera than most of the other great regions of the ocean basins. 
Certain areas, however, have been more carefully worked than 
others. While there are scattered records from the rhilippines 
and other regions previous to the Ckallenger Expedition, they 
are mostly unrelated notes from small sporadic collections. The 
CkaUettger work in the Pacific covered the following rpute: 
from Melbourne and Sydney to New Zealand, north to the 
Fi jis and thence through the East Indies to Hongkong, and 
back through the Philippines to the north coast of New Guinea 
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and the Admiralty l&lartds, and thence north to Japan Affer- 
ward the rmite swun^ eastward to the longitude of the Hawaiiar 
Istanda, thence south through that groupand the Society Islands 
to about 40 degrees south ; thence eastward to the coast of Soutl 1 . 
America. In his work on the feramini fera of the Challaigcr 
Expedition, Erady describes many new species from this general 
region, especially from medium depths. Some of the f au nas are 
very rich, such as tliat from Torres Strait, from the Philippines, 
and from some of the occanic t&Iands, A reference to his figures 
and descriptions shows tliat many of the species from this region 
referred to previously described forms should not be so referred 
and that the proportion of new and rare species is probabiv 
much greater than Brady recognized. Later work has sliown 
that many of these spedes are rather localized in their distribu¬ 
tiori, Chapman has published nunerous papers on the general 
Australian regiori and lias worked up very much in detail the 
faunas in the region about the Fu na futi Atoll These cover 
both the shalllow-water species of the region and the dlrcdgings 
oul into deep water, giving a very concise knowledge cf a lim¬ 
itet! area of this general faunal region. Goes in 1896 published 
a paper 011 the fui an linifera ublaiuetl by die Aibutross from oil 
the Galapagos Islands and ihe vvest coast of Catiforma. Mexicc, 
and Central America. Very few of these records, bowever, are 
in anything but the cleeper water dredgmgs and give very linle 
informatio» in regard lo moderate or shallow depth. Millett 
published a detailed paper on the foraminiferal fauna of the 
general region of the Malay Archipelago, taking in mostlv 
shallow water but some deeper statione. While he published a 
mtmbcr of new species and varieties his figured speci mens show 
that many of the species referred to older names are really very 

different and a study of the Philippine drcdgings has confiriticd 
tliis. Flint's work on the Albatross soundings published in 1899 
is mostlv on the Atlantic dredgings, but there are a few records 
from llie east coast of tlie Pacific. These are, however, very 
seattcring and add only slightly to Brady’s knowledge of the 
area. Rhnmhler vvorked up some rather raeager collectioris fron 
Laysan and Chatham Islands, mostly from shore sands. His 
paper rIiowr that there is Here a prohlpm of localized species and 
this is probably typica! of what would be found if such materni 
frodn widely separated poinls in the Pacific were carefully stud- 
ied. The large coliectiotis of the Albatross Hawaiian Expedition 
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were largely destroyed, but a few retnaining bottom samples, 
almost all from comparatively deep water, were worked up and 
published by Bagg in igo8. While the list of species is consid- 
erable it does not at all represent the most interesting faunas 
of this region which the CkaUcnger dredgings from off the 
Ifonolulu reefs show to be rich and varied. Between 1910 and 
1916 I published a series of papers on the north Pacific from 
the Albatross, Nero, and Tuscorora soundings. Most of these 
are from comparatively deep water but are from well scattered 
stations over the gencral region and give a very fair knowledge 
of what the deeper water faunas are in different parts of the 
Pacific, Krom off Japan a series of shallower water dredgings 
are available and give a better knowledge of this genera! regioti 
tlian most otlier parts of the Pacific as many of the species were 
plotted on maps and a study of their distributiori showed that 
there were developed definite faunal regions. Sidebottom has 
written two detailed papers on the various species and varieties 
of Lagena fotmd in the southwestern Pacific, showing what may 
he expected when other genera are worked np with equal detail. 
More recent papers by Chapman, Sidebottom, Mestayer, and 
myself have given a very good idea of the fauna of the New 
Zealand region as developed in water of medium depth. This 
has shown that there are here developed numerous localized 
species and varieties. This list of authors and papers would 
seem to show that a considerable amount of work has been done 
npon this area but when this is compared with the wide extent 
of the Pacific, the region as a whole has hardly been touched, 
especially some of the more interesting paTts of it as wil! be 
noted later. There is in press a large report on the Albatross 
Phili ppine Expedit ion, the material of which was placed in my 
hands a number of years ago, This includes not only the Philip- 
pine Arehipelago but also the region southward to the Equator 
and Seyond, and includes a large number of carefully made 
dredgings, mainly in shallow water and that of medium depth, 
and a!so a few from fairly deep water, A study of these has 
reveal-ed a large number of new and evidently locatized species 
and probably makes this region the best known of any area of 
equal size in the Pacific. 

REGIONS OF THE PACIFIC BEST KNOWN 

As just noted, the Philippine area is the best known and as 
the arca laps over that from which Millett’s Malay material was 
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obtained, this whole part of the Pacific is hetter kriown than 
most other parts of thc workL The regron of the Funafuti AlolS 
has bccn ver} carcfully worked up i» det ai] by Chapnian, and the 
New Zea!and area and sonte stations off the coast of Australia 
are fairly weil known in detail. 

REGIONS OF THE PACIFIC WllJCKE MOST WUKK NEEUS TU BE UtlNE 

Fmm the foregoing it wottld be apparent that the genera! 
region of the Pacific, except those portions noted, needs much 
work before any fatrly complete knowledge of its fattnas can be 
obtained. Certain areas, however, tieed work more than others. 
A large part of the Pacific ocean basin is characterized by red 
clay which is not proiific in the number of foraminifera present, 
By far the most mteresfing areas wiil be those of shallow and 
medium depths. Very little is known of the local faimas of the 
great majority of the islands of the south Pacific and it is prob- 
afcle that in those many new species will be found, together with 
many interesting problems of distribution, Except for the few 
stations dredged by the ChaUenger off the coast of Chili, and the 
specimens described many years ago by d f Orbigny f almost noth- 
ing is known of the foramini feral fauna of the shallow water and 
medium depths of the entire coast of westem America, and iliis 
should prove to be very interesung, bot-h in its problems of dis¬ 
tribution and the new forms which will certainly be obtained. 
The region of the Hawaiian Islands including the Midway grotip 
should also give interesting data in regard to distribution north- 
east of many of the species of the Australian and East Ittdian 
regions. 

PROFLEMS OF CEOORAFHJCAL DISTRIBUTION AND IKTERPFETATlON' 

OF CEOLOCIC SEDIMHNTS 

In general it may bc said that in the Indo-Pacific and Aus¬ 
tralian regions there are now Jiving more ancient forms than are 
found in most oiher parts oF the ocean Certain genera such as 
Neviilina, which has been found only in the localued area in the 
Sulu Sea, represent such forms. The neanest relatives to Nevil- 
lina are found in the Cretaceous of south westem Europe. ■X 
simi lar case is that of Siderolitcs telraedra which in closely 
related forms may be traced from the Chalk of Meistricht, Hol- 
land, through the Eocene of Italy, to the recent waters of the 
Philippine region. There has also been a migration into the 
region from the east as showti by the close relation of the lower 
Oligocene of the eoastal plain of the United States, snch as that 
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of the Byram Mari to thc fauna now living in the region off 
Australia. Certain of the more ancieiit types of Frondiculsxia 
are now only to be found in the lndo-Pacific and Australian 
regions. In the shallower waters about many of the islands in 
the tropical Pacific are now living great numbcrs of the larger 
forms of Orbito lite 5 , Operculina, and Heterostegina, which were 
characteristic of the Eocene of a vcry widely distrihuted area. 
These larger forms now so abundant only in this region were at 
one time character istic of the dredgings throaghout the world 
and are one of the larger constituents of the thick limestones 
built during the early Tertiary which extend across southem 
Europe, northem Africa, and Southern Asia, and found also in 
tropical America, A study of the conditions under which these 
forms now live in the In do Pacific would do much to solve thc 
ecologic conditions under which these great masses of limestone 
were originaily formed. 

A study of the borings from the various coral islands of the 
Pacific should do much to determine some of the questions now 
in dispute in regard to the formation of the coral reefs, A study 
of the foramini fera from such borings should be easdy made and 
thev could bc compared with the present day faunas of similar 
locali tt es. 

In general a study of the foraminiferal faunas of shallow 
waters* and those of medium depths made in the various parts 
of the Pacific already indicated, can do much to solve many 
problems and would probably do more to advance the knowledge 
of this group than would the study of any other regions from 
which the collections can be obtained. 
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NOTES ONTIIE COMPARATIVE STUDY OF LITTORAL 
FAUNAS OF THE PACIFIC ISLANDS 


Bv Hurert Lyman Clark, Museum of Comparative Zoolugv, 

Cambridge, Mass, 

(Prescmcd at ttic requesi of ihe Commiuee on Program.) 

THE PROBLEM STATED 

So far as I know very little work has been done on the com¬ 
parative study of thf faunas of different islands, in atiy group of 
iriarine invertebrates, The biblicgraphy of tbe subject is very 
brief, if it exists at alh It has been a very generally held view 
that the littoral faunas of ali the islands between Mauritius and 
llawaii, inclusive, are essentially the same and that their com¬ 
parative study would be of little value. 

My visit to Torres Strait in 1913 and the study during the 
past seveti years of the Echinoderms of that region has opened 
my eyes to the fact that the littoral faunas, cr at any rate the 
littoral echinodemis, of different islands evett only a relatively 
short distance apart may be quite irnlike. One would have sup- 
posed that the echinoderms of Torres Strait would be identical 
throughout the Strait; that is, the echinoderms of an islard at 
the ea stem end of the district would be identical with those 
foimd at the Western end. Such, however, is not the case, 
lloreover. now that we know it is not the case, a plausible expla¬ 
natiori of the facts is possible and the whole invcsligation throws 
liglit r>n the geologieal history of Torres Strait as wcll a; the 
liistnry of the marine faum nf Australia. 

If islands in the Terres Strait region only a little more than 
a hundrerf miles apart show such important differentes in their 
littoral faunas, it is reasonable to believe that similar critical 
study of the faunas of eastem New Cuinea, Fiji, Tahiti, the 
Patimotus, Eastcr Island. the Marquesas, Hawaii, the Marshalls, 
the Carolines and Pelews (not to mention a dozen more equally 
mteresting) would throw light on the history of the Pacific 
ldand.s svhich can bc secured in no other way. Of course you 
will umlerstand that I do not meati it is the only source of light 
on the subjcct. I mean rather that it offers a utiique gleam of 
light from ore particular point. I have no doubt that such a 
study would be amply juslified by Ihe results. 
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METHDD5 OF STUDY 

As to the best method, I have no doubt that tbe most com¬ 
plete and the most reliable results would come from tbe in tensi ve 
study of selected areas by selected men. Were sufficient money 
available, my plan would be as follows: 

Select certain definite areas, prefcrably single islands, weU 
distributed over the Pacific, for tbe stations, The se should be 
about a dozen in number at least, more than that if possible, 
Their relation to ocean currents, to commercial routes, and to 
lines of human migration (so far as thesc are known) should be 
carefully considered, Their geological structure, climate, and 
present inhabitants must also be taken into account. 

If onty the problem 3 am concerned with were to be con¬ 
sule red , two men could undertake tbe work but it would be much 
better to have the party consist of at least four or five meti, per- 
haps sis wotild be stili better: One anthropologist, 0 ne geologist, 
one botanist, a "land” zodlogist and two marine zodlogists. Of 
course two marine zoologists could not "cover the ground." 
They would have to work in certain selected groups, ignoring the 
rest. Any one of these six men could do his work without the 
others and perhaps it would not be feasible to correlate the field 
work of an anthropologist and a marine zoologist The latter 
might wish to spend weeks at an uninhabited island! Frankly, 
the number of men is a matter that varies direetly with the 
aniount of money available. 

Each statio n ougbt to be visited at least twicc at different sea- 
sons of tbe year. If one visit were in the spring, a sccond should 
be made six months later. The length of sojourn at a station 
would vary from two weeks to two months, according to local 
conditions. Probably not more than six stations a ycar could be 
occupied and since each must be ocatpied twice it would take 
four years to cover the dozen stations- It is moreover obvious 
that the best results would come from periods of museum work 
alternating with field work, and of course periods of complete 
vacation and change of scene would be necessary to keep the 
workers in shape. Evidently therefore a period of about ten 
years must be regarded as a minimum for the completion of such 
a survey as I am outlining - . 

Ditring the stay at a station as intensive a study of the group 
irt hand should be made as local conditions (of which weather 
would be most important) permit. At the same time, extensive 
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field notes should be made and good series of every species pre- 
served, At least once eacb year, returo should be made to 
Honohilu, with the accumulated collections which could then be 
gone over and identified. At least once in three years a report 
should be prcpared and published on the work aceomplished. I 
sincerely believe the best results would come from one mau doing 
both the field work and the report-preparing jn eac!i gronp, and 
it is of particular imporlance that the same man should visit ali 
the stations. But of course time could be saved by having the 
reports prepared by meti at horne, leaving the field work to be 
done by others, for field work and report preparing could then 
go on side by Side (in time, I mean; obviously not in space). 
Much could be done if anthropologists, geologists, botanists» et 
al, made general collections of everything in tbe way of animals 
to be found on tbe reefs, but $ucb general collections are apt to 
contain only the more common things. The general collector 
unavoidably overlooks many animals that a specialist sees at 
Otice. 1 therefore favor very strongly sending specialists and 
having each specialist stick to his job so far as possible. 
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MEDICAL ENTOMOLOGY ABOUT THE PACIFIC 
By Dayid L> Crawford 

The medical phase of entomology is comparat ively new and 
of very greatly increasing irnportance ali over the world. It is 
novv recognizcd by the medical pro fessiori and Health experts 
that the most fiirect metliod of combating certam diseases is to 
snpprcss or control certam insect species which act as transmit- 
ters of the disease-catising organisms (“genus”). 

The famous work of Walter Reed on yellow fever, of Ron- 
ald Ross on malaria, and of others on these and other diseases 
and their inscct-transmission is so fatui] iar to ali that it needs no 
exposition here. The investigations of these men are having 
practical results in the extensive checking of malaria, yellow 
fever, bubonic plagtie, typhus and several other diseases which 
are insect-borne. 

The lands atxmt the Pacific Ocean are, of course, sharing in 
this great benefit to humanity and can do so even to a much 
greater extent by appiying principies and methods already known 
bv Science» There are, however, several insect-borne diseases 
characteristic of the Pacific which must bc studied carefully 
tiefore their control can be effected. To these I would call spe- 
cial attention hecause of the challenge offered for research work 
of the utmost economic irnportance. 

Elephantiasis is a horrible and extensively distributed dis- 
ease caused by a nematode worm of the genus Filaria. It is 
kiiowo that mosquitoes are involved in the spreading of the dU- 
ease, but there is a paucity of knowledge on the entomological 
phase of this problern which is greatly retarding its successful 
solutiori. A specialist stationed in Sanroa, for example, could 
doubtless work ont this problem in a few years and confer a 
tremendous benefit upon mankind. 

Kala-azar is another destructive diseasc of the paleotropics 
which is believed to be insect-borne. Our knowledge of this. 
however, is very meager and must be extended without delay, 
Other fevers and deadly diseases caused by protozoa distributed 
by insects occur commonly in South America and humanity 
must be delivered from them by the work of entomologists. 

A trypanosome disease allied to A fricati sleeping sickness 
occurs in Brazil and threatens to be spread northward if we do 
not check it. 
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Dengue fever, though not commonly deadly, is a very 
troublesomc disease which occurs throughout thc tropica! areas 
of the Pacific. And yet we are not even sure that it is. or is not, 
insect-borne! We must know this, and if it is insect-bome, we 
mu st know how the transmission is effeeted, 

Stili other diseases are demanding our attention: Oroyo 
fever, spotted fevers, espundia and others. Organized campaigns 
of study of each of thcse diseases in its most favorable localities 
are necessary before mankind can be freed from them. 

The tropics cannot l>e uttlized to their full, nor can they 
contribute their share of the world*s goods, until certain of these 
diseases are under control. Thorough entomological study is 
essential before control of the diseases is po&sible. Mo reo ver 
without this thorough study and subsequent control work, many 
countries and areas now free from these diseases are sure to be 
invaded sooner or later by dissemination of the insect agents or 
the disease germs* 

Every consideratiori is an urge to immediate and thorough 
and fully sustained study, entomologically, of t-hese Pacific dis¬ 
eases which are, or may be, transmitted by the agency of inseets. 
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NEED OF FURTHER STUDY OF THE INSECT FAUNA 
OF HAWAII AND OTHER PACIFIC ISLANDS 

By O. H. Swezey 

In the “Fauna Hawaiiensis” wc have a comprehensive pres- 
entation of what had been done up to that time with the land 
fauna of the Hawaiian Islatids. A great part of tliis publicat ion 
is taken up with the insects, which in number of species far 
exceeds any of the other classes of animals in the Hawaiian 
land fauna. Of the insects there are 3245 species listed in 
“Fauna Hawaiiensis,” many of them described for the first time, 
of which 2740, or 84 per cent are considered as endemic species. 

As is well known, this great monograph is based on the coi- 
lection and study of the fauna by R. C. L. Perkins during a 
period of about to years (1893-1002). It furnishes the founda- 
tion for ali future work on the native insects of Hawaii. At 
one time it was considered by some that there was no mo-re todo, 
that the exploration and the discovery of new species was com- 
pleted, and that no more new species could be found. In the 
“Introduction" to "Fauria Hawahettsis” {which is composed 
largely of biological consi de rati ons of the insect fauna), Dr. 
Perkins States that he considers about half of the existing species 
of native insects to have been collected. The fact that about 300 
species have been described since the Lt Fauna’* was issued, chiefly 
from incideiital collecting by local economic entomologists, shows 
what great possibilities there are and it is an indication that many 
more species wpuld readily be found. if one or more entomolo- 
gists were devoting their whole time to the collecting and study 
of the native insects. In fact, whenever any one of the local 
en tomo logi sts spends a day collecting in what is to him a new 
locat ion in the native forest, he hardly ever fails to secute $ome- 
thing new. Considerabis recently collected material has -accuirm- 
la f ed at the Bishop Museum which is yet uti work ed. and in the 
hands of members of the Entomological Society is new materiat 
waitirg to be describet!, while some lots have been sent away to 
be worked up. Much Information of a biologica! nature has been 
published in the Proceedings of the Ilawaiian Entomological 
Society. Thus progress is continually being made towards a 
more complete knowledge of the native insect fauna. 

At the Bishop Museum, an attetnpt is being made to build 
up as complete a collection as possible of the TIawatian insects. 
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That there is great fieed of much collecting for this is evidenced 
hy the "Summary cf Insects in the Museum Coi lectiori*' pub- 
lished in the Directori Report for 1909, which showed that at 
that titr.e the collection contained only 64 per cent of the species 
indutled in *' Fauna Hawauensis.” Since that time more materiat 
of the Perkins' collection has been received and some later nutn- 
bers of the "Fauna” have been issued. A revision of the abuvc 
snnimary wjt-fl respect to these later additions shows that the 
Museum collectiori has specimen* of only 55 per cent of the 
insects descrihed in “ Fauna Hawaiiensis,” and as the Museum 
collection is at present the most complete of any in Haivaii, it U 
e vi dent that a great deal more collecting mu st be done in order 
tliat there tnay be in existence in Honolulu speci mens of as niatiy 
of the already knowti Hawaiian insects as possible. 

The collection cf ncw species is also very important. We 
have sufficient evidence that there are many more species yet to 
procnre before we can have complete knowledge of our insect 
fauria. The fact that by jncitiental collecting, new species, ane 
an occasional new genus also, are contitiually beirig brought to 
liglit, is sufficient indicaiion that there are many more yet to be 
obtained. This is evident also from tlie fact that in "Fauna 
Hawaiiensis* 1 there are a great number of species dcscribed from 
single speeimens. Take for ewample the \firmlepidoptera with 
440 species» Dr. Perkins secured only a single specimen of 25 
per cent of these species, This is of itself an indication that there 
are many more species to be found, for the catchmg of a singk 
specimen of a specie* may be considcred as an accidental catch, 
which, if missed, would have left it among the many others which 
likewise missed being caught. 

I11 the "Fauna” each specialist who worked up 1 group 
insects, dwelt somewhat on the consideration of the inter-island 
distribution of the species, and showed from the collection at 
his disposal that a large proportion of the species occurrcd 
only on a single island. Since, as shown above, so many of 
the species are based on single speeimens which are to be oon- 
sideretl as accidenta! capturos, and since more recent collect- 
irtg lias shown that sotne of the species previously considerec 
single-island species are widely distrtbuted, it is certain that 
more tfiorough collecting would modi fy conchi sion s previously 
arrived at concemirg the inter-island distribution. The evh 
dcnce that this may gtve toward solving such problema as 
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whether the islands were e ver oonnected, and, if so, liow long 
they have lieen separatcd, or whether they liave always been 
isolated, makes an exhausti ve entomological survey of large 
importance. 

Dr. Perkins considcred that about 300 species of native 
insects might have been exterminated before they were known 
to entomologists, by agricultura! and grazing operat ions. and 
particulari)' by a species of foretgn ant (Pheidole megacephala) 
which has continued its spread up the ridges into the native 
forests, much to the deteriment of the endemic insect fauna, 
There are large regions in which the native forests have bee 1 ' 
destroyed by cattle, and such depredations are continuing, 
The forests in places are dying off for other reasons, in so*me 
places no doubt from old age, The disappearance of the for¬ 
ests for whatever reason, results in the destruction of many 
of the native insects of those regions; and it is certain tbat 
many species are ttow being exterminated in this way, some 
of which may 11 e ver have been collected. and others though 
they may have been recorded. are not at present rcprcscnted 
in any collectiori, 

The importance is thus ernphasized of more extensive col- 
lecting before it is too late* particularly in the regions where 
the native forests are disappearing, and also in regions not 
previously visited by entomological coliectors, some of which 
are now more accessible than formerly, by trails foliowing 
irrigation ditches, or penetrating the foTests for other reasons, 

Besides the mere collecting of spccimcns, there is great 
tieed of observations and further sttidy of the habits, life 
histori.es, seasonal occurrence, parasite relations, piant faunas 
and other problems, The habits and hosts of many of the 
we 11-known insects have not yct been ascertained, and it is 
self-evident that nothing is knowtt of those many species 
of which btit a single specimen has yct heen seen, 

The insect fauna of the Hawaiian Islands has been more 
thoroughly explored and studied than has that of any other 
Pacific island group, yet much is lacking. The fullest knowl- 
edge possible of the Hawaiian insect fauna is esscntial to 
onc rnaking an entomological exploration of any of the other 
Pacific island groups for the purpose of studying relation- 
ships of faunas of the different groups of islands, or of the 
Pacific as a whole, Not only sbould he know what kinds of 
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insects to look for but how to find them ; for it is of grcat 
importance to ascertaiti whether any. or many of our mosi 
obscure insects have allita in these other islaiid gruups* Any- 
one not knowing them and how to find them in Hawaii, wcukl 
be most likely to overlook much of importance in collectius 
in the other islands, The collector should be familiar especial- 
Iv with the Hawaiian Hora and with the insects attached to 

the different piant5 and trecs 50 as to know what to loolc 
for on the trees of the same or related genera. For evample. 
the trees of the Hawaiian islands which are nost remarkable 
for their large insect faunas, or which have very peculiat 
or interesting species attached to Ihem, should be particularlv 
worked over in any future exploratioris. \Ve want very much 
to know what ktnrls nf insects are found on Metrosideros in 
otlier Pacific islands, whether similar or related to the inter* 
esting fama which this genus of trees has in Hawaii, The 
same could be said of the koa, and the genus Euphorbia, the 
variotis mcmbers of the Lobdioidca, the Riibiaceae, the banana, 
and many others: in fact. nearly all of the common genera in 
Hawaii should be the object of special search for insects oc- 
c.trring on them, if these genera are found in the islands being 
ejcplored. 

Knowledge gained in collecting work in the Hawaiian 
islands is of eminent importance in fittjng one for such coi* 
lecthig in other islands. The collector should also become 
familiar enough with the foreign insects in Hawaii to dis- 
tinguish them readily from the endetnic species. There are 
many species of insects which will no doubt be found common 
ti> all the islands of the Pacific, espccially those carried by 
tnodern comincrce, as well as those to be considered as natural 
immigrants tbat have become widdy dispersed throiighout 
the Pacific in quite receril limes, The ability tu di stingui sh 
th esc from what would more properly be endemic, would be 
gained by extensive collecting in the Hawaiian group, and 
such knowledge would save much valuable time and efforts on 
the part of the explorer in foreign fields. 


Digitizec by 


Google 


Oi iyiiidl fiiMEi 


HARVARD UMVERSITY 



AN AREA SUITABLE FOR OCEANOGRAPHIC 

RESEARCH 

By C. M. Fraser 

The portion of the Pacific bordering the coast of North 
America from Cape Flattery northward to the Bering sea and 
incltiding Puget sound and the Vancouver island region pro¬ 
vides a situation wbere it should be possibie to get far-reaching 
results from the very beginning of operatioris, with the mini¬ 
mum of effort. 

The much indented coast-line with its deep fjcrds, the 
myriads of islarcds, large and small, make an endless variety 
of channels thro-ugh which the waters o£ the great rivers are 
permitted to mix wtth the saline waters of the open Pacific, 
over a continenta! shelf, which, in places, reaches a width of 
more than one hundred miles, The great variation of current 
and tide, of temperature and salinity, induced by such condi- 
tions in the inshore waters, finds a suitable paralie! farther 
out to sea, since at one time the Japan current or its off- 
sprirtg, the Alaska current, may seem to predominate in its 
infiuence and at times the northern drift, usually nearer shore, 
is more significant. 

From the standpoint of physical oceanography, the problem 
is a complicated one, bnt the work already done serves as 
a good basis for future work. The Canadian Hydrographic 
Survey and the United States Coast and Geodetic Survey have 
charted much of the inshore waters, particularly in the vicinity 
of the harbors and along established traffic routes. The tide 
and current survey of the Canadian Department of Naval 
Service has been obtaining Information for severa! years as 
to the time, direction an<! force of tides and currents \flit 
their efforts have been largely confined to the same regions 
as those taken by the hydrog raphe rs. 

An extension of this work to less frequentet! areas and 
out farther from shore to embrace the more distmctly oceanic 
currents, is urgently n-eeded. Even with vessels and apparatus 
of the nature of those used at present there is no special 
difliculty in the way of making this extensioni, but since the 
present equipment is being used full time, the extension cati 
be made only by an increase in equipment and personnel, 
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The work is, and presumably rtuist be, done large ly under 
the authority of the governments of the respecti ve countries. 
hence only to them can an appeai for greater faci liti es be 
directed. 

From a biological and biochemical standpoint the regioti 
offers equally favorable opport uniti es, particularly when taken 
in correlation wrjth an expansion in physical oceanography. 
The province of British Columbia alone, altliough it reaches 
tbrough little more than eleven degrees of latitude» is credited 
with seven thousand miles of generat coast-linc and twcnty- 
five thousand miles of tide line. In a portion of the coast 
of Alaska the coast-line is multiplicd in a somewbat similar 
way. With this naturally goes an endless variety of shore, 
with an endless variety of conditions along the shore, dtie 

to differences in strength of current, degree of salinity and 

change of tide (which in soine areas reaches twenty-five fect 
or more). This with the great width of the Continental shelf 
provides for an extraordinary richtiess both in biotogical 
species and in the number of each species. 

On. acconnt of the various physical and Chemical differences, 
it is a difficu.lt matter to explain the distribution of tnany 
of the species, as species eommonly fotind as far south as the 
tropies or nearly related to these may appear almost side by 

side with others from the Polar seas. The ecology of the 

region can therefore t>e under stood only when a more com¬ 
plete oceanographic survey, physical and biological, supphes 
the necessary data. 

From an economic standpoint this is of great importance 
since so many of the species are of cconornic value. One 
naturally thinks of such fishes as the salmon, the herring and 
the halibut. but they are by no means the only forms of im- 
portance. To know something of the life-history of these 
species of economic value as well as others directly or in- 
directly related to these, a biological and biochemical survey 
is necessary. 

Here again, although the probletn is complex, immediate 
results of value would accompany the extension of the work. 
.-V good start has been made in the three biological station* 
in this region, at which work has been done; the Pacific Coast 
station of the Biological Board of Canada, at Nanaimo, B, C.; 
the Puget Sound Marine Biological station at Friday Harbor, 
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Wash., and the Minnesota Seaside station at Fort Renfrew 
on the Southwest coast of Vancouver island. The work at 
these stations has as yet bcen confined rather re$tricted 
areas surroutiding each st at ion. Eesides this, at wide inter- 
vals, ex pedit ion 5 have been sent Io other parts of the coast 
and these ha ve collected material and data, 

Since in the resolution in the section of marine aoology, 
passed by the Conference, it is stated “that the investigation 
be earried on, insofar as possible, through existing agencies, 
such agencies to be provided with the additio na) apparatus 
and facilities necessary, such investigation to be carried on 
under such cooperation as will prevent duplication of effort,” 
here is surely a case in poinh The biological stations already 
in the regiort ha ve made a start on the work, There cati 
be no great difficulty in extending it, particularly as such cities 
as Seattle, Eellingham, Victoria, Nanaitno, Vancouver, Prince 
Rupert and Ketchikan, together with many smallcr centers 
are all interested in the fisheries and through the fishermen 
could give valuable assistance as well as serving as bases of 
supplies, so that no matter where the work was being done, 
it would be within easy reach of at least one of these. 

Although this work has received Government assistance, 
there is nothing to prevent the maktng use of assistance from 
any or every other source from which it inay come. The main 
need is that for a boat, smtably manned and equipped for 
work on the Continental shelf, Such a boat should be large 
enough to stand the buffeting of the open ocean but not too. 
large to be expensi ve to run. One type of the larger halibut 
boats, 80 or 90 feet in length. and fitted up for gettting 
hydrographic, physica!, biochemical, bacterio logi cal and bio- 
logical material and data, would bc very satisfactory. With 
such a boat, $50,000 a year for carrying on the work and a 
suitable personnel, results of vahte could be obtained from 
the beginning. 

A11 area on the Swiftsure shoal, to the Southwest of Yan- 
couver island at the entrance to the strait of Fuca and a larger 
area extending northward from Vancouver island, through 
Hecat-c strait, past the Qtieeti Charlotte islands, would serve 
as excellent points of attack, Later such work should be 
supplemented by and correi at ed with work done by a large r 
vessel in deeper water fnrtlier oflf shore. 
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BREEDING EXPERIMENTS 

By Paul Bartsch 

The reason why I wish to bring before you the results 
oi some gf the brecding experimenta which it haa been my 
good fortune to make under the auspices of the Carnegie 
Institution is because I felt that here in Hawaii and in the 
islands to the south and even in the Philippines we have groups 
of organi sms that would lend themselves to parallel efforts; 
and I betieve that by making these parallel experiments it wilt 
be possible to determine vvhether the results are merely indi¬ 
vidua! expression or whether they express a biological law. 

In the Hawaiian Islands we have the Achatinellas, that 
wonderful group of beautiful land shells, and the Amastras. 
A littk farther south and west we have the Partulas, another 
greately diversified group of snails, while in the Philippines 
the Cochlostylas should lend themselves to simi lar work. 

In 1912 Dn Mayor askerl me to join him in an expedition 
to the Bahamas, and while there I came for the first time into 
contact with a large fatnily of ground-dwelling moUusks known 
as Cerions, The natives caH them pe&nut shells because they 
look a bit like peanuts, They vary in size from 1/3 of an inch 
to t/j inches. The largest have a diameter of ^ of an inch. 
so you see they are rather large objects. They are so abun¬ 
dant where they occur that I have picked up 4000 in a space 
20 feet square, There is therefore no difficulty in getting 
material, 

While in the Bahamas we secured many specimens be¬ 
cause we wanted to see if there was any uniformity expressed 
in the different coionies for ali the Cerions occur there in 
colonics. You semetimes find one colony separated from another 
by just a little swale whieh seems to be a sufficient barrier 
to keep them apart. I measured many of these shells to de¬ 
termine modes, to see if 1 might by the use of bimetric 
methods determine sub-species among certain groups. It was 
found that while you may have quite a range of variation L11 
siae in each colony t you do meet more or less definite modes. 

It has been held that Cerions were the most easily changed 
organisme that could be imagined. that practically a breath 
of wind would affect growing individuals and thus make varia- 
tions. A vear of great bumidtty. it was believed, might pro- 
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duce larger fonns; while a year of dry conditions might pro¬ 
duce dwarfed forms, etc. In fact they were looked upon 
more or less askance by systematists on account of the lack 
of definite Information as to the stability of the races. We 
ali admired Dr. Pillsbry’s courage wheti he published his 
monograph on the group, and we likewise deplored Mr. May- 
nard's efforts for it Seemetl as if he had given a name to 
almo st every accidenta! form expressed in the shell of indi- 
vidua is of each colony. 

We deemed it wise to transport coi ornes to the Florida 
Keys in order to determino whether Cerion characteristies 
as expressed in the shell had a fixed status. By so doing we 
would subject them to a change iti environment which would 
settle the stability question. We therefore gathercd many thou- 
sarnts of two species. One species was taken from about the 
White House at the southeast corner of South Bight, and 
the other from King’s Road, whtch is on the northeast comer 
of South Right, The two places are separated by about two 
miles of water. So far as shell characters go I feel that if 
you photograph one and reduce it one-third the same specimen 
might serve as a figure of a specimen from the other group. 
It was this close resemblance that made me hesitate to use 
even a sub-specific name for these species in the earliest re- 
ports and you will fitid them referred to in the Year Rook 
of the Camegie Institution as the King's Road and White 
House type of Cerion glans. 

The transported material was planted on the Florida Keys 
in colonies of 500 each. We though it well to try mass breed- 
ing hrst, for if we took only one pair accidents might hap- 
pen to preveut the success of the ex peri metit. A colony of 
500 was planted on the Raggcd Keys immediatcly south of 
Miami and from there on south to the Tortugas we put colo¬ 
nies on vaTtous Keys. You will recall that the Florida Keys 
extend over a long distance and liave a varied flora and a 
varied temperature. The temperature sometimes goes down 
to freezing at Miami* while at the Tortugas it has never 
dropped below 48 degrees, We also have quite a range in 
humidity variation from the northern Keys to those of the 
Gulf. 

When we started the experiment we believed that each 
year would yield at least one gencration, and it was indeed 
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a great sttrprise when we fottnd that it required di ree years 
to produce it. The resulta, therefore, were obtained tnuch more 
slowly than we had anticipated. 

We altemated the two species experimcnted with, puttirig 
one on one Key and the other on an adjacent Key so that 
the two species should be subjectcd to practically the same set 
of enviroumetital conditions. We also separated eacli genera¬ 
tion irtto new colonies, thus preventing Crossing: with the parent 
stock. 

Summing up the results so far obtained we find that the 
first generation of Florida born material presents no change 
in measurable sliell characters, In other words the measure- 
mcnt of measurable characters in the first Florida born Cerions 
were the Same as those of the parent stock. From a breederis 
standpoint that was not remarkable. We know that the germ- 
plasm had received its impress in the Bahamas so we might 
expect to obtain no results in the first generation. 

Two years ago a second generation was obtained and 
we were surprised when we measured the measurable char¬ 
acters to find it just Hke the material planted. It had bred 
true to type. The range of variation was not at ali different 
from that of the Bahama material. This, then, w T as one thing 
gained; for it showcd that changed environment, the tliing 
that itiost people held responsible for the production of the 
various races, did not seem to be ati operative factor in the 
first generation of Cerions, Usually, however, a response is 
obtained in the second generation, for here the germplasm 
t-ecomes involved and it is here that the impress of the changed 
cnviroiimeiit should show its effect upon the offspring. This 
generation, however. like the first showed the same stability 
of characters as the first generation of Florida born speci- 
mens. They bred true to type. 

However, wc obtained some other results much more sig¬ 
nificant than the above. On the Florida Keys we ha ve another 
group of Cerions decidedly different from those of the Ba- 
hainas. ,It is a group that has been here for a very long time 
and is known as Cerion incanum, I believe that this too is 
a complex. For when the anatomy of the animals forming 
the various colonies w ili have been examined, we shall probablv 
find that more than one species exists on the Florida Keys. 
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In making our planting of Bahama mollusks on the 
Florida Keys we tried to avoid putting the Bahama species 
where the native species occurred. On one, Newfound Key, 
there were indications of the Florida species. Rwt the 1909 
hurricanes seemed to have wiped them ont completely leaving 
only dead shells. Here we put a colony of 500 of Ccrion 
via regis because it seemed such a splen d id place for them. 
We were greatly surprised when upon rounding ttp the Cerions 
on this Key {for we roimded them up amtually and photo- 
graphed and measured the new generation when mature) to 
find that there were some specimens which showed that some- 
thing had hapi»ened. 

Four specimens were found on one bush which showed 
unmistakable evidence tbat Cerion viaregts had crossed with 
Cerion incanum. For characters of both species were expressed 
in these shells. Cerion viaregis is strongly axially ribbed and 
more or lcss flecked with brown, and has the interior of the 
shell buff or Hght brown—while Cerion incanum is almost 
smooth, of different outline, and usually almost white, though 
at times vermiculated with pale brown. The four sbells re- 
ferred to above combined the characters of the two. 

On a subsequent visit we found the place of planting 
simply swarming with Cerions. The mollusks, however, were 
neither Cerion viare gis nor Cerion incanum but presented what 
Dr. Dall long ago termed a state of flux, that is no two speci- 
mens were exactly alike. The range of variation not only 
presented ali possible gradients from the one species to the 
other btit included the production of entirely new forms 
which one not familiar with their history would unhesitatingly 
assign to entirely different groups of Cerion than tbose to 
which either parent belonged. 

There are no end of interesting problems tied up in this 
experiment, not the least of which is the fact that we shall 
have to modify otir idea about always producing sterile off- 
spring when we cross widely unrelatcd species. In the present 
case it seems to have energized reproduction rather than re- 
tarded it for the place was swarming with individuals. 

It is possible that these experiments may explain liow 
fluxed conditions are produced. I am sure each of vou cau 
recall such cases in your own field, which may have been pro- 
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duced in this manner. It is possible that from such fluxed 
elements new species may t>c produced by isolation and fixation, 
This cross of Cerion i ia regis and Ccrion incanum was a 
great surprise to tis. the more so sinee the two R&hama species 
which we had purposely mixed on one of the Keys absolutely 
refused to cross but have oontiiined to breed truc. These two 
we have siuce found to possess anatomica! barriers responsible 
for this, and yet we are quite eertain that they are very elose- 
ly phylogenetically related. 

A new set of experimenta vvas started in 1919 but the 
liitmcane of Iast August swept ali of «ur cages to the sea, 
\’ext December, however, a new set of experiments will be 
beguti in which we imentl to carry out the following piari: 
Large cages 4 ft. x 6ft. x 3 ft.. and small cages 2 ft. x 3 ft- 
x 3 ft, will be tised. In the large cages 50 each of two species 
will be placed, while in the small cages only one of twm species 
will be put. Of the small cages we shall have ten for each 
combitiation. Only adolescent mollusks will be used to make 
sure that fertilization has not taken place before they are 
placed in the cages. We interni to experiment with the fol¬ 
io w i ng species: 

Ccrion via regis from the Liahamas 
Ccrion casa blanca from the Ba hamas 
Ccrion incanum from the Florida Keys 
Ccrion n: f j from Curacao 
Ce no n crassi labris f rotn Torto Rico. 

The questiun to wfiat extent thus work 011 the Ccrion 
tlirow light on bigger biological problems and to what ex~ 
tent (Loes it throw light 011 the production of new species 
could best be determined if it wcre checked up by work of a 
sim i lar nature in otlier fiehls. We hope, therefore^ that work 
sii ni lar to tuirs may he undertakcn out here. It could lie done 
so readily by someone on the gfOund. 

The Cerioti work so far as it ha,s gone is written up in 
the Bullet in recenti y pttblished by the Carnegie Institutiott. 
Anyone wishing to do simi lar work should consuit this paper 
and so far as possible work atoug parallel lines. 

One thing i 11 te re st ing and somewdiat unusital in our experb 
ment is the fact that we actually kiiow what materia! we started 
with. Whcn one looks at nuich of the breeding experiments 
that have beeti made, one usually finds a complete indiflfeTence 
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to the f|iiestioii of what the expeti mente r is breeding—a fact 
which has made it impossible to really under&tand what was 
at the hottoni of the results obiaineci. It is to* be hoped that 
in the fultirc tliis point may teceive the attentiori it really de¬ 
ferves so that it may be possible for any one to rejieat the work 
and check up any point about whieh the least doubt may be 
presenterl. 

Some of the recent results obtained in the brccding of 
Drosophyla and other organisms su^gest para Ilei fcatures to 
the Cerion work bnt unfominately nothing definite seems to 
be known as to what has been combined in these experimenta. 
It is therefore to be hoped if experiments with Achatinella. 
Amastra, Fartui a or Hdicostyla are imdertaken that a care- 
fui record will be kept of the species combined. 

Yott may be intere sted to know that the distribution of 
Ccrions is from Dutch Guiana to the Iiahamas, Grcater Antilfcs 
and the Florida Keys, one occurring' uport Curacoa. We have 
not been able to fiud a sitigle Cerion living on the shores of the 
Lesser Anti lies- The center of distribution at present is in 
the Bahamas where. as I stated before, every swale separates 
a distinet form. 
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PAPERS ON VOLCANOLOGY 


THE PROGRAM OF EXPERIMENTAL VOLCANOLOGY 

By T. A. Jagcar, Jr. 

EXPERIMENTAL PROGRAM AS DEVELOPED IX HAWAU 

By “experimental volcanology" is meant the study and 
measurement of live voleamc processes in tlie field and the 
investigat ion of these processes by the experimental method. 
The tradition of “experimental geology” is so woven about 
labor-atory experimertts imitative of geological proeesses, that 
it is well at the start to define the new volcanology as a field 
Science. The writer's experjence passed from descriptive 
geology to experimenta! geology, and from ex periment al 
geology to the field study of physical processes, and he is 
convinced by that experience that the whole future of geology', 
and its awakening to the dignity of being reckoned a quanti- 
tative Science, deperitis on the progress of geophysics, By 
geophysics is meant the measured physics of the geoid, the 
processes of air and water, and the work of gravity, seismicity, 
magnetism and atomic energy through reactions in and on the 
terre st rial globe. The geophysical observatory now takes rank 
with the observatorics of astronomy, and like them grows ixi- 
creasingly specialized. In volcano Science we have to deal 
with deseri pt ion of eveflts, quanti tative rneasttrement and pic¬ 
toria! record, charting and diagraming of changes, rcglstra- 
tion of seismicity, and experiinental investigation of gases, 
waters, lavas, salts, sublimate s, tempera tutes, viscosities, pres- 
sures and soundings. The volcano observatory must so co- 
ordinate its work in repose periods and its work during erup- 
tion as to be always busy and never hysterica!. 

The Hawaiian Volcano Observatory was proposed and 
planned eleven years ago, and began work in 1911 with tem¬ 
perature measurements and puhlislied weekly btilletins, ac- 
companied by photographic ilUistratious and seismologic data 
dealing with the lava pit of KiLauea Volcano, From very modest 
beginnmgs it has grown a little, but it is stili a very small 
estabhshment, Owtted by the Hawaiian Volcano Research As- 
sociation, and operated by the United States Weather Bureau. 
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The writer made the original pians and lias fostcred the tiny 
labora tory through its decade of vicissitudes of infancy, in' 
sisting on continuous publication, occasional experirtietuation. 
and ceaseless making of records visual. photographic, topo- 
graphic, and seismotnetric. There are now twenty-five typcd 
record books dealing with Kilauea alone, oontaitung field notes, 
photographs and surveys, each on special sheets with printed 
headings for the respecti ve purposes, and there are yet other 
books dealing with expeditions. seismometry and special ex¬ 
perimenta! i investigat ion. Manna Loa has erupted three times 
during the interval, and from February, 1918, to the present 
tinie there has been increasing lava outflow.from Halemauniau. 
the lava pit of Kilauea. This outflow culminated in January. 
1920, by breaching the Southwest Hank of Kilauea mountain. 
and pouring floods of lava imo the open desert oountry. Thcse 
Hows have been slowly progressing. 

The motives of volcanology have been giveu current ex- 
pression in the textbooks of Mercali i, von Wolff, Iddings. 
Sclineider and Daly, and in the researches of sueh workers 
as Washington, Tempest, Anderson, Omori, Lacroix, Hovey, 
Brnn, Friedlaender, Day and Shephcrd, Terret, Angenheister, 
the Hawaiian Observatory stafif, Maso, Malladra and Griggs, 
Dr. Branca of Berlin issued a circular a few y'ears ago calling 
for opinions as u> how volcanoes should be studied, The re- 
plies pubKshcd were miliappy in showing general disrcgard on 
the part of geologists of the necessity for permanent volcano 
experiment siations. The letters advised making expeditions 
to study the resuit of eruptions afteT they werc over, and 
suggested Chemical and miueralogical study, and the collec- 
tion of ga^es. The essentially historical yiewpoint of the geolo- 
gist wa,s apparent, the men of science deeming volcano repose 
perimis as of no interest, This attitude neglects the cumula- 
tive stresses which precede eruption, the seismic peeulianties 
of repose periods, the temperature and gas changes leadiug to 
a crisis, the scasonat Controls of the rock tide, and tlie hnman 
factor as a niatter of paramount importance at times of dis- 
aster. Moreover the expedition method does not place expert 
v;dcan>1ogis's at the scene of eruption when the culmination 
occors. The B ranca letters took no account of the fact that each 
voleanic sysem has some vent, like Stromboli, Kilauea, Asama pr 
Tanna, where the lava column is always in evidence. where 
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change is always measu rabie, where gases are always emergi ng 
and where the details of change in relatkm to passage of the 
seasons are unrecordcd natura lly and can never be reconstructed 
by study of geological effects. 

The record of seasonal change, whether slow or rapid, is of 
economic importance in furni shing data for eruption forecasts. 
The record of volcatiic earthquakes is of far-rcaching importance 
in the promise aflforded of settling the vexed question of the dis¬ 
tinet ive meaning of the word “tectonic.” The recOrds of tilt and 
tremor at a volcanic centrum, the measurements of elevation or 
subsidence, and the relattons of these to times of paroxysmal 
eruption, promise to throw new light on isostatic compensation. 
The correlation of adjacent vents by day-to-day study will deter- 
mine the Lnteractions of solution, saturatior, temperature and 
pressure iti relation to tidal and meteorologica 1 Controls. The 
record and collection of sulptiates and kindred soluble salts at 
new lava fields will furnish quantitati ve data concerning the 
amount of substatice which fresh magma loses through perco- 
lation of meteoric waters. The record and collection of iron 
oxides in different parts of new volcanic edifices, and the study 
of their formation during the congelation of lava, promise to 
illuminate the chemistry and dynamies of volcanism as effectually 
as the study of the gases. Temperature measurement, gas ool- 
lection, and measurement of the radio-activity of the gases while 
fresh, are the most fundamenta! lines of investigation which can 
be attacked in the whole range of geophysies, and it is only at 
volcanoes that the observer may be persuaded that the gaseous 
etnissions are deep-seated. Ali of these features change with the 
passage pf time, rapidly at times of paroxysm, slowly at other 
times. The critical points of chatige are the indices of coming 
events. 

The general Outlook of volcatiology lias changed since 1900, 
It is no lotiger a branch of historical geology, its affiliations are 
with physies and engineeriug, However you may scoff at vol¬ 
canic earthquakes, the fact remains that most of Milnes earth- 
quake districts eticlose volcanic Systems. Whether causes or 
effects, the magma and its contatned gases are there, the cleep- 
seated isostatic compeiisation is there, the stcep cmstal flexure* 
are there, The contractiug nucleus perhaps is not there—Dutton 
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abanrioned contractiori utterly 1 sixteen years ago—but heating 
and tumefying mechatiisms are increasingly probable, and Dar- 
win’s generalization connecting volcanism with elevation has 
never been gainsaid. Great earthquakes are sporadic, cataclys- 
mal, intractable. Volcanic systems are definitely p-Laced within 
earthquake beks, they are permanent and more or less rhythmtc 
in their activities, and earthquakes great and small occur on their 
flanks* Cartago lies at the foot of Irazu t Messina at the foot of 
Etna, Guatemala at the foot of Agna, Kagoshima at the foot of 
Sakurajima, Hilea at the foot o£ Manna Loa; all of these were 
scencs of major earthquakes teleseismically recorctable. Chili r 
Mexico, California, Alaska, Japan, Fhilippines, java, New 
Zealand, Hawaii—circle the Pacific and voyage out to its center, 
in all of these places yott find volcanoes and great earthquakes. 
Perhaps there is tectomcity-—pardon the word—without magma 
tindergrotmd, bnt the burden of proof weighs heavy oti its .advo¬ 
cate s, There is certainly no volcanicity without earthquakes 
underground. Therefore I plead carnes tly that volcano observa- 
tories be established as geophysical stations, to cover local seis- 
mometry and volcanology as well. 

This plan suggests that by complctely recording eruptions, 
tilts, tremors, local quakes and distant quakes at one station, we 
shall be registering the physicaI condition of magma, along with 
the fnndanientals of seismology and perhaps isostasy. When our 
seismographs for local earthquakes reach such perfection that 
directiori, distance and angle of emergence are all indicated, and 
those for teleseisms yield siniilar data along with evidence of the 
rigidity of the transmitting media underground as shown by the 
S waves, we shall find ourselves much better placed for corra- 
lating results if living near a live lava colunin. Iu this I am 
citing the experience of the Hawaiian Observatory, but our In¬ 
struments are stili far short of these ideals. In magma study 
the Geophysical Labor at ory of Washington, by physico-chemical 
investigation of limited Systems of ekments, has established a 
soimd and rational basis whereon workers in the field may rely. 
Matteuci in 1897 laid down a program of study for Vesuvius 
which in the main has been followed at the Hawaiian station, but 
we have not induded geology and petrography. These would 
carry a small staff too far aficld into the domain of structura! 

i ' 1 The contractiona! hypotbesis is Here regarded as being virtually 
desiroyed by effective criricism, and in the form given it by Mallet as 
betng simply an error.Earthquakes, by C E Dutlon, 1904, p. 30. 
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history and geological stirveys, work which must be cared for by 
the federal Geological Survey. An observatory is concerned only 
with the history of present events, and the probabilities of future 
ones. At the Ktlauea observatory the compilation of reeords and 
ordinary routitie would keep the staff busy for years, even if the 
volcamoes showed not a glimmer of fi re. 

The B ranca circular above referred to revealed a conceptkm, 
of active volcanoes which is stili very catnmon among men of 
Science who view the subject as travellers and library student s. 
Tliey think of the volcano as an impossible field for continuous 
laboratory study. Tbey think of it with distaste, coupled with a 
natura! shrinking from places infernal in their seemirtg, where 
gases are hot and poisonous and frightful expio sio ns are possible. 
Furtbermore the dikmma of long repose periods makes it in com¬ 
prehensi blc lo the layman that a fixed observer sbould find any- 
thing at stich times to keep him busy. It is as though the war* 
rior said, “What use for a navy without war? J ' or the physician 
"What use studying hcalth when my business is witb disease?” 
or the astronomer "What use studying so slow a process as the 
orbital motion of binary stars? 1 ’ The analogy with the astro- 
nomical treatment of eclipses should make geotiomets ashamed 
that they have pertnitted the great crisis of Lassen's Peak in 
California to go by without continuous quantitative mcasure- 
ments. No observatory was established, not even a temporary 
one. No gases were coi lecte d r no photographs taken System at t- 
cally, no pendulums were set up, tilt and tremor were not meas- 
ured, no joumal was kept, no temperatures were taken. The 
method of expeditions and specimen s was applied. Was Lassen 
rising quaquaversally before the eruption ? Did tremor accom- 
pany the tilts ? Was there chlorine iti the gas ? Was the earth- 
quake frequency at a maximum before, during or after the vol- 
canic culmi, nat ion s ? Was the intensity greatest in the intervals? 
What was the distributiori of locali eed volcanic quaking? When 
dit! the seismo-volcanic curves of the entire eruptive period reach 
culmination ? Was there a lunar monthly and a solar semiannual 
eifect ? Is there centripetal tilt now in the declinitig stages of 
the eruptio ns? Apparently we must wait another two hundred 
years and read the answers tlien. 

When the Hawaiian observatory was first estahlistied there 
was no.foreseeing what measurcments would prove most import¬ 
ant. AH was obscure except that a lava column was dimly vis- 
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ible and measurable, and that seismic events were taking place. 
After two or three very dull ycars, the tables of rising and fall- 
ing lava, of atmospheric temperature, wind and rain, of kinar 
and solar maxima, of earthquakes, tilts and tremors, begati to 
show cor responde nc es ; the collections of gases, measurements 
of lava temperature, photographs of the fume column, oonvec- 
tional streamings in the melt, rise of crags in the lava lakes, 
began to excite discussion and questionings, After two or three 
more years scasonal and rhythmic recurrences began to take 
shape; the lava rose and became accessible for soundings. for 
measurenient of its thermal gradtent, for collecting gases from 
the blisters on its surface, Jor photography of its flames, for 
study of the intense oxidation of the iron content. Xext came 
overflows, differentiation into smooth and scoriaceous types, 
devdopment of tunnels. secondary fusion in the tutmels, cooling 
of the tunnels, drip of aqueous Solutions and deposit of great 
quanti tics of siilphates. In the eourse of this cycle leading to 
culmination in Kilauea, Mauna Loa broke into intense explosi ve 
and foatning outflow on three occasions, with sympathetic subsi- 
dences at Kilauea, setting at rest forever the much-mooted ques- 
tion of the supposed independence of the two vents. Finally 
Kilauea mountain split open alotig its southwestern rift zone, 
after the 1919 eruption of Mauna Loa had ceased. lava gushed 
forth from cracks in the open country and these flows are stili in 
action in the summer of T920. A 11 of this was accompanied bv 
seismic happenings which were consistent and instructive, and the 
whole series of events from 1913 to 1930 constituted a curve of 
rising volcanicitv. fragment of a cycle which the future will 
explain, 

From this experience a definite program of physica! volcan- 
ology as an experimenta! Science for this station has heen 
evolved, consisting of: 

(1) Volcanologic experiments,* development of instru¬ 
menta required for measuring and analyzing the 
physica) and Chemical peculiarities of volcanic 
magma and volcanic gases. 

(2) Seismometric experiments, A development of instru- 
ments required for measuring and analyzing the 

1 T. A. JajfK:ir, Volcanolofuc Inve st iratioris at Kilauea. Amer, 
Joiir. Sci., September, K)i/, pp. 161-220, I pl., 22 figs. 

'T, A. J;iKK<ir. Seismometric Investigat ion of the HawaiLnn Lava 
■Column, Rull. Sris. Sf>c. Amer,, December, 1020. 
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physical peeuliarities of the rock crust of the earth 
under a volcano observatory, and the movcments of 
tilting, trembling and quaking whieh are distinet- 
ive of proximity to volcanic magma. 

(3) Systematic and ootitimrous mapping of craters, lava 
pools and lava flows, photographic rccords, and 
maintcnance of a Journal. 4 This fumishes volume- 
geodetic data for the ejectamenta in relati on to the 
progress of gas emission and othcr thermal and 
Chemical events. The experimental work of (t) 
and (2) furnish the tools and methods for gradual 
improvement of (3). 

(4) Computation of volcanic energy available at a giveu 
vent. This is a thermo-dynamical problem wherein 
(1), (2) and (3) cventually should furnish the 
data of exothermic reactions, tempcratures, conduc¬ 
ti vities, dimensions, assumptions as to radia ticn, 
and rate of effusiori of magma. 

The last item of the program is the ultimate goal of vol- 
canology. Daly in 1909^ estimated that the lava lake of Kilauea 
lost per second by conduction 4450 and by radiat ion 230,000 
kilogram calories. Galitzin and others 8 have made some attempt 
10 evaluate the energy of individua! earthquakes. The resident 
observer soon becomes convinced that the avari ahle heat snpply 
at a crater is limited, and the heat radiated for a given time is 
calculable, at kast as to its ordcr of magnitude, The earthquake 
swarms distributed over a volcanic system furnish another clue 
to the energy expenditure along the subterranean rifts. The 
three years of hot lava errtissiOfts 1918-30 on Hawaii may he com- 
parable in total mechanica! effort to the shorter explosi ve out- 
bursts of the Kirishima-Sakurajima system in 1913-14. There is 
clearly a limit to the range of effects and bulk output whieh a 
single volcanic system can achieve during a single erupti ve epi¬ 
sode, and there is much similarity in the volume of separate vol¬ 
canic otitpourings. Sotne are slow and others are rapid, some 
pulverize their products and ejett them to enormous heights in 
a short explosion while others liquefy them and flood the moun- 

4 Bull. Haw’n. Vol. Observatory, et seq. 

1 R. A. Daly, The Nature of Vulcanie Aetion, Prnc, Amer. Acati. 
Arts & Sciences, vol. 47 , No. 3 , pp, 7-2-73, rpn. 

‘ 0 . Klotr, Earthquake of Feli, Jfi. 1911, Huil. Scis, Soc. Amer, 
V'4-2o6: Jottr. Roy. Asl, Soc. Can., Xov. lyij, 4.28, 


Digitized 


ty GoOglc 


Originalfrom 

HARVARD UNIVERSITY 



316 


Pan-Pacific Scientific Conference 


tain si opes through year-long periods, but none is very small or 
very great compared with the dimensions of the earth crust. 

The evaluation of these energy relatio ns is of the utmost 
importance to humanity. On such computat ion depends the con¬ 
ii ection between geodesy and seismology on the one hand, and 
volcanology on the other, Probletns of cosmogony, of the inte¬ 
rior heterogeneity or homogeneity of the layers constituting the 
globe, of isostasy, even of astronomy are to be elucidated by 
such measured data, The engineer can advise concerning safety 
of volcanic neighborhoods only wheit he has quanti tat i ve esti- 
niates of what forccs may bombard the structures which he 
ereets. The mathematician may compute the dissipation or stor- 
age of energy wbich the present earth is accomplishing only 
when informed of the facts concerning the chemistry of the 
superficial layer. The true conditions discovered and measured 
with increasing precision at the volcano observatori es, cannot 
work otherwise than to set at rest many of the doubts of theo- 
retical geology, and to furnish many surprises concerning forces 
which have been time-honored in the older textbooks. 

It may be objected that Kilauea is so exceptional in the 
fruitfulness of ita volcanic held that no other land could develop 
such a program in the same decade, The Ilawaiian observatory 
was proposed in 1909. Taking the decade 1909-1919 what do 
other Pacific lands show? Japan has had Tarumai, Usu, Kiri- 
shima, Sakurajima, Asama, Iwojima, Suwanose, Yakedake and 
other volcanoes in ernption: the Alaskan Peninsula has had 
Katmai and other eruptions; Cali fornia has had Lassen; Sal va¬ 
dor lias had the San Salvador volcano; Costa Rica had an out- 
break of Irazu; Samoa had the last three years of the Matavanu 
outpouring; New Zealand has had eruptions, with loss of life, at 
Waitnangu. Wbite island and Ngauruhoe; Tonga had Honga 
Hapai and Niuafou. volcanoes active in 1912 and 1913; the 
New Hebrides had the disastrous Ambryni eruption and Tanna is 
always active: the Philippines had Taal in 1911, Balusan in 
1916 and 1918, and other eruptions; Java tiad the outbreaks of 
Raoeng and Kaloet, the latter disastrous» and probably others. I 
have no recorcb of what has been happeuing 111 Mexico, South 
America, the Aleutians, Kamchatka, the Kurile islands, the 
Celebes Sea and the Mari annes, though very recenti y we have 
hear<l mucli of a Mexican disaster wherein earthquakes and 
eruptions were combined, Any of these lands can produce in a 
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decade abundante of work for a votcano observatory, always 
providing that the station is placed near a crater which has an 
active record, and that it is equipped with facilities for making 
expedi tions to other volcanoes of the same System* An investi¬ 
gator placed at Waitnangtt, Izalco or Lassen in 1909 would ha ve 
rendered invaluable public Service withitt the decade, and the 
excellent laboratories actually- existing in Tokyo, Manila and 
Apta ha ve certam Iy been kept busy. 

ILLUSTRATION5 OF RESULTS ATTAIMED IN HAWAli 

Some results attained by nine years of work at the Ha- 
waiian Observatory are summarized in the par&graphs. which 
follow. These epitomize the conclusions of an article by the 
writer published in Bulletin of Seismological Society of America* 
December, 1920, The following' definitions will serve to make 
intelligible the terms used: 

Hypontqgnui is the under magma with gases in solution. 

Pyromagma is the liquid or vesiculate lava of surface 
pools and flows at an active volcano, 

Epimagma is the residue of pyromagma which has lost its 
gas complete! y, leaving a “dead” scoriae eous product. 

Dermolith is smooth lava with a membrane or skin out- 
side, and spherical vesicles* 

Clastolith is scoriaceous lava with deformed vesicles. 

Perffitk is the confining wall of a live lava system, whetber 
it bound fissures, or a crater, or a complex of both. 

The Hawaiian Observatory, where the seismographs are 
mounted. is 22 miles ncarly east of the high Central crater 
of Mauna Loa, This crater is considered the tnain volcanic 
centrum for the Hawaiian volcanic system* A zone of rifts 
pauses through this crater, different parts of which have cmitted 
lava at different times, anci it is the distance of this 2one from 
the observatory which is spoken of in the following as “Manna 
Loa distance/* Kilauea mountain, where the observatory is 
placed, has other fault fractures and lava vents not so far 
away, and these are referred to in the mention of “shorter 
distance/* 

It should be understood that these results are not in any 
way bclieved to be final, they represent only rongh recon- 
naissance of the gas problem, the oxidation probi em, the 
seasonal effects of the crustal tidc, and volcanic seismometry. 
I introduce them merely by way of illustration of the inter* 
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esttng pos sibili ties revealed Ijy compilat ion of various kinds 
of mcasuremetits. 

LAVA COLUMN' 

1. The hypoinagma, with reagent gascs in solutiori. domi- 

nantly hydrogen, carhon compounds and sulphur, is the actuat- 
ing medium for the phenomena of volcanism. 

2. The pyromagma, vesiculaled and heated by gases. is 
the fluent lava of volcanoes described as dermolithic, the 
pahoehoe of Hawaii. Gases e scape from sol ut ion within it 
and react exothermally up to the time of congelation. 

3. The epimagma is made by subaerial processes, where 
eonvectional stirrhig or flowage relcase gas completely, and 
the vesiculate residue solidifies in gramdar or efflorescent fornis, 
These are described as clastolithic lava, the aa of Hawaii, 

4. The bench magma of Halemaumau, suhstance of the 
mobile floors, crags and lake bottoms of the lava pools, is 
epi magma mixed ivith congealed pyromagma, 

5 The effective strnctural unit in active volcanicity is 
the volcanic System. a rift complex, and the lava column Is 
bounded hy the perilitli, the confining wali of the volcanic 
system. 

6 f The lava column is a foavn bubbling more or as 
gases are released by changc of pressure, and more or less 
vtsoous as heated hy gas reactions. Pressure may be iu- 
creased and gas release restrained by its own derrnat cun- 
solidalion. 

7. Oxi dat ion of the iron through invasion of epimag- 
matic vesicles by air, while clastolithic lava is hot. is apparent 
in such lava, and may be a powerfui exothermie agency in 
keeping such lava fiuid. 

8, There is a complicated crateral circulation maintaincd 
hy convection; effervesetng pyromagma rises aud both its crusts 
and its cpimagmatic residue sink; pyromagma maintains a 
tuhular plexus in the mobile substance of the bench magma: 
this substance is jtself in slow circulation under the weighting 
of overflows and the accretions of epimagma. The hypomagma 
heiieath is sensitive to the pressure effects. There is an in¬ 
cessant deep fliw of the under substance towards the region 
of minimum load. 

9, Tumefaction in hypomagma is propagated in the direc- 
tions of lea st loadiug wherever bubble pressure gaius lieadway 
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and releascs new gas to the btibble fonn, Linear expansion in 
the perilith by gas heating may contribute tc» the surface evi- 
rlence of tumescence. 

SEISMIC EFFECTS 

10. Underground magma is restrained by the perilith. 
Trigger release of pressare resides in the seasonal tides that 
pass through the rock crust of the globe. SLight stress 
changes affecting extensive perilithic belts may induce in¬ 
tense tumefying aaion which strains the volcanic cdificc to 
the breaking point. Tilts, tremors, volcanic eruptions and earth- 
quake swarms resuit. 

11. Deep tumescence occasions simultaneous tilt and 
tremor, which act slowly through weeks preceding eruption* 

12. At the Hawaiian Observatory east tilt precedes vtsi- 
ble rising of lava by 18 days, atid west tilt precedes sinking 
of lava by a iike interval The begitinings of rapid forced 
movemcnts away from the volcanic centrum exhibit the 
most perfect accordance with the subseqnent lava risings. 

13. Allowing for diurna! temperature effects, which are 
measured and definite, the longer terni tiltings resolve them- 
selves into quasi-rhythmic decaying series of tilt waves, the 
series of quarterly, and the waves of monthly, period. These 
grottpings suggest a solar and a lunar causation. The angu- 
lar amotint of the tiltings is excessive. The mean directions 
are away from and towards the volcanic centrum. The sub- 
sequent lava movements show similar rhythrtis. 

14. Quick microtremor of one-fifth secoud period occurs 
in spasms which in frequency and amplitude vary directly 
with angular amounts of tllting. Harmonic microtremor of 
slower period also occurs and tends also to vary in ampli- 
tude with the tilting. The harmonic tremor has definite 
NE-SW direction of propagation. 

15. Local earthquakes ha ve maximum intensity and mini¬ 
mum frequency when the lava is lowest and the crater orifices 
are clogged. Maximum frequency and moderate intensity occur 
when the lava is flowing freely and effervescence in the crater 
pits is abundant. 

t6. Iti contrast to iilt and tremor, increased frequency 
of local earthquakes show a instant an eous agreemetit with times 
of rising lava and high lava culmi nat ion s. 
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17. The distantes of local earthquake origius, judged 
by measurement of preliminary tremors, accord with Mauna 
Loa di sta n ce from stat ion for Mauna Loa erupti ons, and for 
Kilauea activities a much shofter distArtce is ittdicated. SlOw 
subsidcnccs of Kilauea lava culmin&te in earthquakes at Mauna 
Loa distances. Rapid subsidences of Kilauea lava usually 
follow earthquake swarms which began at Mauna Loa distances, 

18. Earthquake frequency and lava culminations of rising 
both show tendency for crests to occur near equinox with 
some lag after equinox. The troughs appear to be reactions 
followang the equinox cffect. 

ig. In a rough way weekly earthquake frequency ex- 
pres&es the rate of movement of the lava oolumn and the 
quasi-rhythmic monthly period. 

instrumental rquipmrnt 

The foHowing notes on Instruments used at the Hawaiian 
station are from a memorandum furnished recently to the 
New Zealand govemment. and give some hint of the rough- 
and-ready methods which have characterized our work, at 
a station located in a fore st remote from machine shops. 
The spirit of John Milne, who was always ready to experi- 
ment with the simplcst too-ls and inexpensive materials, may 
well be eultivated by the volcanologists. The time is ripe 
for equipping Central statioris with good physica! instmments 
and adequate laboratories. There 1$ also much to be done by 
distributed stations and rough Instruments in the hands of 
volunteers. One of the most pressing problems is the need 
for an instrument, as simple a$ a thermometer, purchasable 
anywhere f to show the occurrente and intensity of small earth- 
qtiakes. 

For measuring tilt, tremor, local earthquakes and distant 
earthquakes, at least two pairs of horizontal pendulum» are 
necessary, For practical ptirposes optical registration is not 
necessary, though it may be desirable if vertical component 
registration and tilt-f ree records of teleseismic disturbances 
are sought. A series of seismometric experiments at the 
Hawaiian Obscrvatory, by Dr. Arnold Romberg and the 
writer, demon strated that for quick local movements smoked 
paper is better than bromide paper, as a very quick vtbra- 
tion may fail to register photographically. Iloriiontal pendu- 
lums are simple to construet, hut the chronograph drum must 
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have an equable rate aiul the transmission levers require sonie 
delicacy of adjustment* 

The glinograph or tilt instrument consists of a light boom 
ten feet long suspende*] from a fuur-foot pier with a teii- 
pound weight near the enti hangiug in a bath of ordinary 
autumo bile oii. Upper and lower suspensions are both of 
Steel piano wire. The writing stile at the enti of the boom 
is pivoted directly to the boom without magnificat ion levers. 
The tip rests on a drum surface that moves only one milli- 
metre per hour. or abcut one inch per tlay. This motion 
need not be conti mimis and so may be actuated by tbe time 
clock contact, a magnet and ratchet taking effect once an 
hour. Three weeks or longer may easily be registered with- 
otit re-smoking. The free pcriotl of the instrument at the 
Hawaiiati stati on is seventy-two seconds, atid the damping 
aperiodic, Tilt js measured from a fi-xed line of hour dots 
stamped on the sheet by an arm external to the drtnn car- 
riage. The registered line shows the diurnal temperature 
tilt curve, and a longer period wandering in large measure vol- 
canic. Two such instrumenLs should be set up respectively 
in the meridiari and at right angles to it* These instruments 
i^ave pro ved unexpectedly serviceable for strong local shocks, 
the absence of magnification kceping the apparatus from de- 
rangement, atid the maximum amplitude appearing directly 
on the tracing. 

Tremor and local earthquakes require a magnification of 
100 and a high speed drum moving at least thirty millimetres 
per minute. This means a ehange of sheets every twelve 
hours. In Hawaii we havc rebuilt the Bosch loo-kg in stra¬ 
men ts, damping them with rigid vanes in sets of four im- 
mersed in oii tanks under the booms. The vanes lie in the oil 
edgewise to the di rectio ns of swing, The transmission from 
boom to magnifying lever is a light T bar with polished 
Steel pins at each end of tbe cross-bar; these plus rest in 
watcb jewels sunk in sockets in the boom and lever arms 
respectively. Guards of light spring brass prevertt the T bar 
from being dislodged dnritig a strongish shock, Quick local 
earthquakes with such apparatus register the P and S tremors 
very well when these are pTesent, and the L waves are strong 
and smooth, without dotting. Time is marked every minute 
by electro-maguets which lift the stile-tip, the latter being of 
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Steel magnetized with polarity opposite to the lifting magnet. 
A gap in the scratched line results just as in the optical 
records. A pendulum period of from seven to ten secortds is 
quite long enough for loca) quakes. Volcanic tremor appears 
in the sheets of the Hawaiian record as fine undulations of 
line, best scen with a magnifier. We have arranged the N-S 
and E-W pendulum s so that both stiles regi ster on a single 
drum, showing both records side by side on the same sheet, 
and greatly reducing labor. 

Notes on our experiments in telesejsmic rcgistration will 
be found in recent numbers of the Bulletin of the Seismological 
Society of America. The volcanologic instruments are chiefly 
thermometers, thenno-couples, cameras, transits, plane-tables, 
vacuum tubes, Steel pipes and Seger cones, along with much 
apparatus devised as occasion demands, and so requiring shop 
tools. Ali of this materiat is the ordinary equipment of a 
physical laboratory, and eacli volcanic field requires experi¬ 
menta 1 study in order to determine what is needed, The 
Bulletins issued by Professor Omori in Japan and by the 
I-Iawaiian Volcano Observatory T give evidence of what experi- 
mental adventures the workers have met with in two different 
fields. Incidentally ordinary meteorological records should be 
kept at a volcano station, in order to clieck the volcanic events 
against pressure, temperature, etc, Fairly accurate timekeeping 
is of course an essential. and if subsidiary stations are estab- 
lished, uniform timekeeping among the stations is imperative. 

VOLCANOLOGIC ECONOMICS AND ENCINEEEING 

Mention has been made of the human side of the volcano 
problem and of the relation of volcanology to engineering. 
The importance of this has been abtmdantly illustrated in 
the disasters of the last twenty years. The Taal observatory 
and the Eanhquake Investigation Committee of Japan both 
were creat ed under the stimulus of disaster. There was 
demonstrated at Kagoshima in 1Q14 a marked advance in 
public education, a readincss to meet the trouble vvhen it came, 
and the same may be said of the Guatetnala earthquake. 
Loss of life was at a minimum in both cases. There is op- 
portunity for much study and forethought in dealing with 
coming ertiptions, with a vicw to preparation for disaster 
(or insurance). tnintmizing disaster (o-r protection), and re- 

1 Sec referentes in Nature, Mardi 21, 1918, p. 44. 
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covery from disaster (or reconstruction). Eruptions and 
earthquakes are not avoidable, but fi res and weak bmldings 
are; avenues of escape can be provided; prompt action can 
be assumi; forewamings are often definite; dangers from 
lava flow, dust, drought, panic, disease, famine, tomado, flood, 
sea wave. over-loading of roofs, lack of surgical supplies and 
all the manifold agencies that adcl to the terrors of an erup- 
tion may be foreseen and guarded agatnst. 

These matters h&ve nrjt usually beeu discus sed at length 
in the published work of the geophysical in vesti gators, but 
it seems to me that much good will be accomplished if the 
geophysicist in this respeet will considet hlmself also an 
economist and an engineer. The financing -of volcano ob¬ 
servatori e s depends on the public interest. The public interest 
depcnds on the public educat ion. The public safety and the 
reputation of geophysical Science depend on the effectiveness 
of the observatory in educating the public. The geophysicist, 
through volcanoes and earthquakes, posse sses a means of inter- 
esting the public which h very vital to the good people who 
reside in Kagoshima and San Francisoo. Mo reo ver, the growth 
of Pacific cities in a century has been phenometial, and the 
cataclysm interval is often more than a century. The highest 
expression of the value of physica! Science is in successful 
forecaat; this is true of astronomy and meteorology, and it 
is also true of geophysics. May we not, then, band otirselves 
together from east and west, pledged to guide the ambition 
of the young men towards the healthful, hardy and sorae- 
times dangerous activities of the geophysical observatorics. 
and take our motto from the Shinsai Yobo Chosakwai—a coni- 
mittee for investigating the preventkm of dtsaster. 

disCussiox 

Mb. DAiXCBHFCCt.il : What meteorolngical jcisirumetus miffht be iiseful 
at Kilauea and Mauna Loa? 

Mr. Jaccar: In this exceptiona! latid wtth frccziiiK temperature 
al niEht, bot desert conditions durinji the dav and mobile material 
below, solar heating may cause expansion in the <iay und contraction at 
night. We want to know sueh things as tlie eooling effect and ruiiifull 
efTects, that only meteorologists can teli. The top nf Manna Loa mu$t be 
considered as having an extraordinary sitmosphere. That pcak ncarly 
[4,000 fcet hiffh in the middlc of the hi^^esr nccan in the worlcl, and on 
the hifthcst moutitain island in the wnrld, is a imtqne place for a mete- 
orclogical observatory. Metcorology and volcan ology mnst work hanci in 
hatid ; In ftiatty other eoittvtric* there is close associatkm bctween the two. 
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The three divisum*, mctcorology first. seismology second, and vdeanolnj*? 
third F shonld go together. At our station h an eScimt mmoroJc^ist, 
Mr. Findi. 

Ma. CnrroN : I tvish io call attentiori to two pomis in Mr Ja£yar'£ 
poper (i ( ln reparci to the tilt5, instrmncnts installcd in Anslralia t* 
determino the tilting of liie eartVs crust which might ari&c in ehnu^e ot 
w,itcr shem that xtry- !arpr tilts are scawnal in character. A uk 

of live to ren scconds* rangr occurs from winter minimum to summer 
imxinuim. The period of the tilts lags several morulis betiiud itie heat 
effccts. The instrumenta are placed about 30 feet uitder^roimd. The tih 
recorda ai KiJanea cover eight moutlis, and a year s work i& needed \0 
see how Ihe data compare. (2) In regard to the level of the lava, I 
understand tlfat the crater has a maximum level at the equinex, Cfltn- 
pressional and tangentia! slrcsscs mEght be exp^cted to resuit from tht 
corporea! tides in ihe earth. 
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TJIE CHEMISTRV OF THE PACIFIC VOLCANOES: 
THE LIMITATIONS OF OUR KKOWLEDGE 

Rv Henry S. \Vas[([ngTon 
introductio n t 

Among the many problems that are presented by the 
Pacific Basio that of the chemistry of the lavas and other 
products of its volcanoes is one of the most fundamental and 
most important. This is so for several reasons. For one, 
the shape and the mode of activity of a volcano are great lv 
dependent on the Chemical character of the magma that sup- 
plies it, and on the gases that it contains in sol ut ion of which 
a Pacific volcano—Kilauea—has given iis our most exact 
knowledge. 

Sttidy, especially, Chemical of the volcanic lava, forms one 
of the few sources of Information as to what sort of materia! 
may lie heneath the immediate surface, and as to the physica! 
conditions that may obtain tn depth, This is of special im- 
portance when we deal with one of the great occanic basins, 
such as is that of the Pacific, where, in the study of its floor t 
we are largely deprived of the stratigraphic and tectonic data 
that yield us so much knowledge in studying the land and 
masses. 

In petrology, the Science of rocks, furthermore, the igne- 
ous and volcanic rocks of the Pacific have been taken by 
Harker, Becke, and others, as typical of one of two great 
divisioris of igneous rocks which are supposed, among other 
things, to be associated with different kinds of stresses to 
which the earth’s crust has been subjected, whether of com- 
pression or of tension. For this reason alone, a point im¬ 
portant for our knowledge of the rocks and structure of the 
carth, it is advisable to sce whether the data available are 
sufficient, as to either quantity or quality, to justi fy such 
hroad, far-reaching artd fundamental generali zations as have 
been drawn from them. 

To the petrologist. and, through him, to tlie geophysicist, 
geodesist, and other students of the oompositlon and struc¬ 
ture of the earth as a whole, this question of the compositiori 
of volcanic rocks is ati important one. and is therefore one 

[ 325 ] 
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of those to which the attention of thc members of the Pan- 

Pacific Conference may bc directed. 

It is my purpose in this brief note to endeavor to poiut 
ont the extern of our data for knowledge of the chemistry of 
the volcanoes of the Pacific, to indicate the gaps in it and 
to suggest sound lines along which, possibly, the collectiori of 
further data and the study and systematic investigation of 
the whole snbject may best be carried out. No effort is made 
to give a complete bibliography; that would necessitate much 
more time and space than are now possible. But some of the 
most important, and especially the most recent papers and 
those which contain most Chemical data, will be cited. Many 
of these give references to previous Hterature, where further 
Information may be obtained. 

In two very interesting and suggestive papers, Prof. R, 
A. Daly 1 has laid before us the paucity of our knowledge, 
has discussed some of the problenis presented, pointing ont 
their importance, and urging very strongly the advisability of 
the systematic and complete scient ific study and expio ration 
of the Pacific basin, its volcanoes and other geologicai features, 
To these papers I am indebted for some of the facts presented 
here, and I can but join with him in urging the advisability of 
snch investigations. 

In consklering the volcanoes of the Pacific it is to be 
noted that they are to be referred to two main groups, which 
seem to correspond with great tectonic and petrologic differ- 
ences, The one group may be called the Circum-Pacific vob 
eanoes, namdy: those which are Continental and which occur 
in a great circle around the Pacific. They extetid from South¬ 
ern Chile, northward along thc west coast of the two Americas, 
and thence through the Aleutian lslands, and Kamdiatka 
down Japan and the Philippines to meet in the Moluccas the 
other great east and west volcanic belt. It may extend farther 
south to New Zealand, The other group comprises the Pacific 
volcanoes proper, or what may be called the Intro-Pacific 
volcanoes—those of Polynesia, Melanesia and ilicrotiesia, 
with some detached islands. The Circum-Pacific volcanoes are 
arranged along a long ciirviug. practically continuous line—the 
longcst line of volcanoes on the earth, while the Intro-Pacific 

l K, A. Daly, "Problems of tlie Pacific Islantls,” Am. Jour. Sci. XLT. 
[>P- 15 .VlQifi; and "Pcimuraphy uf the Pacific Islands, 1 ' Bull. Ceol. 
&>c, Amer. 27. pp .125-^44, 1916. 
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volcanoes are distinetly sporadie and in groups disconnected 
fmm each other, but mostly arranged in short zones, that 
have a general northwest-southeast trend. For some dis- 
cussion of these more general features the reader may best 
be referred to Suess . 4 

There are very marked Chemical differences between the 
lavas of the Circum-Pacific and the Intra-Pacific volcanoes. 
Without gomg into petrographical details, which would be out of 
place here, it may be said that the Circum-Pacific lavas are chiefly 
andesitic and show an excess of silica, while the IntroPacific 
lavas are dominantiy basaltic and show a marked deficiency of 
silica. The former are higher in alkalies and alumina, while the 
latter are higher in magnesia and iron oxides. The general 
itniformity among the various Circum-Pacific lavas and the dif- 
ference between these and those of the IntroPacific volcanoes. 
may be partially seen in Tahle I. in which are giveti only the 
silica percentages and the position symbols in the quantitati ve 
e lassi fi eat ion of various regional or sub-regional averages that 
have been recently calculated by Dr. F. W. Clarke and myself * 


TABLE 1 —SILICA CONTENT OF LAVAS 


Andes . 


SI Og 

60 Mfi 

Symbol 

(1)11.434 
11.( 4)5 34 
11 434 
(1)11,4,34 

Mexico an<i Central America. 

Ca Ii forni a , . .. 

- -..— 

. 50.66 

62 - 43 

63 - 37 

■ 6I.SS 

61 9.1 

■ 58.25 

.. 50.06 

Alaska _ ........ 


fCamchatka .. 


Japan ........ 

New ZenUnd ... 

Pacific Islands ......... 

...—» 

1143.(3)4 
11.(4)5.14 
ll(nl}.5 34 


CHEMICAL CtlARACTERS OF THE PACIFIC REGlONS 

To the petrographer these figures and symbols are very sig¬ 
nificant arui instructi ve, and even to the layman the difference in 
silica percentages between the Circum-Pacific and Intro-Pacific 
lavas is evident. The so-called "magmatic symbols” are more 
technical and less readily understandable: they show in brief 
form the general chemical characters, and even to the uninitiated 
there will be seen a general resemblattee between those of the 
Circum-Pacific average lavas, as well as differences between them 

'Sucss, The Face of the Earth (English translation by Solla*). 

espcvinlly vol, 4. chapters ix, xii, xiii. xiv, and xvi, 1939 

* H. S. Washington, Jour, Fratiklin Inst.. vol. 190, p. 757. 
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and that of the Intro-Pacific Lavas.* These and other suchobser- 
vations forni part of the quantitative Chemical data on which is 
based a discussion of the generally recognized fact that the floors 
of the Pacific and other oceans are heavier than are the conti¬ 
nenta! masses. 

THE CIRCUM-PACIFIC VOLCANOES 

We have a gcncral idea of the broad characters of the long 
line of colossal Andcan volcanoes, such as Aconcagua, Misti, 
Sangay, Cotopaxi, Antisana, Chimborazo, Pichincha, and many 
others; but of the chemistry and petrography of tbeir lavas we 
have but very scanty detailed information. The volcanoes of only 
the northern part of this Sine have been investigated in anything 
approaebing a systema*ic and adequate way by petrographers 
working on the material collected by Reiss and Stubel, 5 many 
years ago. To thern we owc many petrographic dcscriptions, and 
about 37 Chemical analyses, of fair quality. We have a good 
account of the rocks of the Patagotiian Cordillera by Quensel/* 
who gives many good analyses of the intnisive rocks, with one 
or two of the lavas, Many years ago Iddings 7 showed the simi¬ 
lari ty between the Chemical characters of the lavas of the Andes 
and thosc of the Western United States, Apart from these there 
are only a very few jiapers that describe the Andean lavas. 

The poverty of our knowlcdge may, perhaps, best be appre- 
ciated when it is stated that we have altogether only about fio 
fairly trustworthy atialyses from which to judge of the Chemical 
characters of this line of the largest volcanoes on the globe, many 
of which are over 5,000 or 6,000 meter? high, and the line itself 
ex tendi ng over sixty degrees of latitudc. The very height and 
bulk of these enormous masses, as well as their number, and the 
climatic and other conditions that surround them. render their 
pro per study very difficult, and it will be, undoubtedly, many 
years before we can begin to consider our knowledge of them 
really satisfactorv. We should. therefore, probably be thankful 
for the few data that we have. 

+ Tbg New Zeafcmd avcrajje includes analyses of many intrusive non- 
vnlcaiiic rocks, which tend to Inwer the silica percertlage; but even thus 
it is distinctly higtoer than that of the Pacific islands. 

* Rdss and Stitbcl, Geologische Studien in der Republik Colomhia. 
Berlin. iSgz-jBoo; Das Huthgebirge der Republik Ecuador, Berlin. i8qj- 
igt>4. Cf, A, Stubel, Die Vulkartbrrpc von Eaiador, p, 38-30. Berlin. 1897, 

*P Quernei, Bull. Ceol. lnst Upsala, vnl. ii, p, 1. tgn, 

T J. P. fddinys, Jour. GcoL. vol. 1. p. 164. 1893. 
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Forming, as they do, one of the greatest and most important 
volcanic zones on the earth, much more attention should bc paid 
to the Andean volcanoes than has been paid in the past. We 
should know much more, and in much more detail, of their size. 
their structure, their activity, the variety and succession, and the 
petrographical and chcmical cliaractcrs, of their lavas, the charae- 
ters of the pedestals on which they rest, their structores and 
relations to the volcanoes, and rnany other matters conceming 
them. 

It may be suggested that American mining and civil erigi- 
neers, many of whom are now, and in the future will tie, work- 
nigf in this region, might make efforts to collect the igneous 
rocks, volcanic and others, with such notes as may be posstble, 
and tum the material in to some Central or home institution, 
(such as the U, S, National Museum, where it may be availahle 
for proper study and cheniical analysis. Such collections would 
involve little time or labor—very little as comparerl with the 
unquestionably valuabte results thus made possible in the accuniu- 
lation of volcanologic and petrotogic knowledge of this scicntifi- 
eally important and but little known part of the earth. 

We have comparatively little Information regarding the 
Centrat American volcanoes, such as Fuego, Ezalco, Coseguina, 
Masaya, and Irazu, and stili less as to the chemistry of their 
lavas. It seems scarcely necessary to give references here, as the 
few papers that have heen written are short. Among them ali, 
we have about one-half dojten fair to good analyses, of Central 
American lavas, with 22 of lavas and other igneous rocks from 
Panama and the Canal Zone, which have been published but not 
yet described petrographically.* 

Of the Mexican volcanoes our knowledge is almost as lini* 
ited. And it is to be remembered that the Mexican rocks in¬ 
clude. not only lavas of such first—or second—magnitude vol- 
canoes as Popocatepetl, Iztaccihuatl. Orizaba, and Colima, but 
very extensive, thick, and widespread flows of rhyolite and 
basalt. For Mexico there are available only twenty to twenty* 
five usable analyses.Though these, with a cousiderablc body of 

*F, W, Clark?, U. S. G. S„ RuH, 591, pp, 213-315; H, S, 
Washington, U- S. G, S,, Prof. Paper 99, 1917. 

'Felix and I>nk, Beitraege zur Geolos;ie und Pakieontologic der 
Republik Mexico, Letpzig, 18^-1899; F. N. Gnild, Amer. Joiir. Sci., 
vol. 22. p. 159, 1906, E, Ordone?:- Cong. GuoL Internet., giiidc. ir, tqo 6. 
G. T, Finlay. Atin. N. Y, Acad. Sci-, vol. 14. 1903, There are fcw 
analyses of Mexican lavas cmtsidc of ihcse four papers. 
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petrographic descriptioris, are sufficient to give us a general idea 
of their main Chemical characters, we have not yet sufficient data 
to enable us to solve the varkius petrological and volcanological 
probtems tliat the Mexican volcanoes offer, Of the volcanoes and 
volcanic rocks of Lower Califomia we know next to nothing. 

When we come to the Circum-Pacific volcanoes of the West¬ 
ern United States, such as Lassen, Shasta, Rainier, Hood, Baker, 
and others of less niagnitude, we are in much better positiou, 
thanks to tbe labors of the geologists arui chemists of the United 
States Gcological Survey, and others, and it may be said that we 
have a very fairly adequate idea of their petrography and chem- 
istry. 10 There are at least one hundred analyses of these lavas, 
tiearly ali of good to excellent quality. Indecd it may be said 
that chernically the lavas of some of these volcanoes are among 
the best knowti of ali volcanoes, with possibly a few exceptions, 
such as Vesuvius and Pelee, Mounts Lassen and Shasta, for 
example, are far better knowti chernically than are Kilauea, or any 
of the other Ilawaiian volcanoes, Fuji-san, or, indeed, any Japan- 
ese or Intro-Pacific volcano. 

Much, however. stili remains to be done in the correlation of 
this tnass of Chemical data with the petrography of the lavas, the 
successiori of the various kind.% the stmciures of the volcanoes, 
etc. It may be permitted to suggest that the LL S. Gcological 
Survey, in the interests of volcanology, antl espceially of Pacific 
volcanology, undertake the monographic treatmem of these vol¬ 
canoes, utiliring thus the Chemical and petrographical data that 
have been aecum ulated, for which purpose eventually they were 
oollected. The oceasion would serve to Iook into the old records. 
so as to trace back, if it be possible, the reported volcanic activ- 
ity in the past, which might very probably throw light on the 
possihility of their recrudescence, The recetit activity, or pseudrh 
activity of Lassen, has made this a matter of some public interest. 

In Canaria uorth of the State of Washington, extending 
along the Pacific Coast as far as Alaska, we find a long gap in 
which, so far as we know with certainty, no active or recenily 
extinct volcanoes occur, Onr knowledge of this streteh of coast 

l ° Xntliinj; approachinj? a complete hihlioffraphy cati be given here; 
it is far too extensive, For many analyses, see F, W. Clarke, U. S. 
Geni, Survey. Rui), 59T, pp, ifi6-JOS, igis; also- H. S. Wastiinstoci. U, S, 
Geol, Survey. Pmf. Paper 99, 1917. These give must of tlic annlvscs. 


Digitized by 


Google 


□ riginal from 

HARVARD UNIVERStTY | 

* 



331 


PAPERS ON VOLCANOLOfiY 


is, however, very meager, but, as Russell 11 says, "It is scarceiy to 
be expected that the volcanic belt ***** + * ends abruptly 
at the International boundary and begins agam in Alaska.*’ 
Here, obviously* is a gap in our knowledge of the Circum-Fa- 
dfic volcanic zone that demands study in the near future, 

Of the Alaskan volcauoes, which are confined to the 
Southwest coast and the Aleutian Islands, we have some knowl- 
edge; at least as to their general charae t er s. But, as else- 
where, this is in ad e qua te, There have been published about 
one dozen analyses of their lavas, especiaily of St. Augustine, 
liogosloff, and Katmai. These have been made by the chem- 
ists of the U. S. Geological Survey. In addition, but as yet 
unpublished, many analyses have been made of lavas and 
otiier products of Katmai, by l>rs, Allen, Fenner, and Zies, 
of the Geophysical Lahoratory, the material having been cot- 
lected on their trip to the volcano in 1919. It wmtld be ad- 
visable to have more analyses from the other Alaskan vol- 
eatioes and, incidentally, it may be mentioned that the rocks 
of the Pribiioff Islands seem never to have been investigated, 
though opportunities to colleet them are many. 

Corning round to the wcst coast of the Pacific* we have 
but very slight knowledge of the extreme eastern portio 11 of 
Siberia. South of this, however, we know something of the 
volcanoes and their lavas on the peninsula of Kamchatka; 
this is mainly through the work of Bogdanovich, 1 * to whom 
we are indebted for ten fairly good analyses, We also have a 
slight knowledge of the small volcanic group of the Coni- 
mander Islands, in Bering Sea, and their rocks, 13 with a few 
analyses. 

The Japancsc volcatioes have been studied hy the geologists 
of japan with their usu a i intelligent assiduity, and the rc- 
sults are embodied in tiumerous papers, for the most part in 
the Journal of Science, Tokyo University, and in the Science 
Reports of Tohoku University. There are also many papers 
published in the Bulletin of the Japatiese Geological Society. 
Prof, S. Kozu has published a valuabte series of papers ou 

11 T, C, Russei). Volcanoes of North America, New York, p j66 , 
1897. The Information collrclcd by llic Caiuidian Gmlopucnt Survey 
would seem to indicate the absence of active «r recentlv exiinct vol¬ 
canoes a loti g this streteh of the Paciltc Coast. 

“ Bos dan uvidi, Pcterm. Mittb,» vtil, 50, 1904, 

11 Z. Starzynski and VV. Zydmimtonska. Hull. Acati, Sci. Cracow 
1912; J. Moroiewici!, Metu. Cotti. Geot. Kuss., No. 72, 1912, 
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Japanese lavas, vvitli many good atialyses, in the Journal of 
Ceolpgy (VoU. XIX—XXI, 1911-913'), There is also a seriei 
of excellent analyses of Japanese lavas made by E- VV, Mortey 
and published l)y Iddings with brief pelrographicaj notes, 1 * 

From these analyses we ha ve a very fair knowledge of 
the Japanese lavas It may be said, that while we know 
from Koztfs studie*. for example, that there are some aika- 
line type*. yet, on the whole, the lavas of the Japanese vol¬ 
canoes are remarkably constant in Chemical compositiori; tlierc 
wnuld seem to be less variation among them than in almost 
any other volcanic district 011 the earth. It may also be of 
interest to mention the fact, which is apparently littie known, 
that the lavas of the japanese volcanoes show a very remark- 
ahle chemieal si mi lari ty with those of the Antillean volcanoes, 
espescially Pelee and the Soufrieres of Guadeloupe and St, 
Vincent, 

Of the extensione of the Japanese volcanoes down the 
J^in Kin group and soutlicastward to Bonin we ha ve littk or 
110 chcmical knowledgc. the few analyses available being of 
very poor qnality. 

Of the cheniistry of the lavas of the Philip pine Isbnds we 
know lmt littie, in spile of our twenty years occupation, though 
the chcmists of the Mining 1 ’ureau ha ve done something to 
describe tbem, in the midst of more pressing duties. chieflv in 
the Anm;al Reports of tlie Mining Bureau and in the Philip- 
pine Journal of Science, We have also a set of excellent 
analyses of Philippine rocks by Morley. 15 It inight be sug- 
gested that, as we know very littie of tlie important volcanoes 
of ihc Philippincs, espccially Taat and Maran, it would be 
of great valite if tliese volcanoes were treated mo no graphica 1- 
1 y, both as io their volcanic «tructure atid activity and as to 
their petrography and cheniistry. 

We may pass by here, as not belonging properly to the 
Pacific Basin tlie many volcanoes of Sumatra, Java, Celebes. 

“Iddings and Morley, 1 ’roc. Xatl, Acad. Sci,, vol. 2, p. 452. 1916. 
Ii is hrte to ^ivo biMio^raphy of the various Tapaine&e 

papers. NearJy ali the analy^es will he fmmd in: Mdin^ k 
koeks s vnl. J, 1913 ; ritui in Wnshmjtton, U. S. G, S,* Prof. Paper gg, 1917. 
Ir may be permitted to ex press rejjret that mtich informat ion regarding 
Jap;mcsc mlcsmw* ptfblishetl only in Japcmese, and it time quite lost 
to tlie outside worid. 

13 Melina Philippine Jrn.Tr. Sci-, vol 5, p, 155. 1919, amj Iddiug* 

;iikI Morley. Prnc. Nati. ActkL Sci- vd, 2. p 5.1 i p tgr6 
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Bomeo and the other islands of Dutcli East In dies, There 
is a very considerable body of fairly good chemical work that 
has been done on their lavas, chiefly by Dutch chemists, 
the references to which need not be cited here. We have also 
a very considerable n umber of excellent ana lyses, published 
by Iddings and Morley, “ and unfortunately interrupted by 
the death of the former. 

Of the lavas of the Moiuccas we know but little, practically 
nothing, for instance, of those of the large islands of Hal- 
mahera and Ceram, though we have a few analyses of lavas 
of Flores and Timor, mduding four excellent analyses of 
rodes of Timor made by Morley for Iddings, Of the vol- 
canoes o£ the large, Continental island of Popua (New Guinea) 
we know bardly anything, and have bnt four fair analyses of 
their rocks. As this large island is tectonically of great im- 
portance to our knowledge of the Western Pacific, it is to 
bc hoped that we sball have additions to our knowledge of 
its rocks, Chemical and otberwise, in the future. 

The chemistry and petrography of the lavas and other 
igneons rocks of eastein Australia (Qiteensland, New South 
Wales, and Victoria), of Tasmania, and of New Zealand, are 
very well known through the publication of many petro- 

graphical descriptioris and excellent Chemical analyses, by the 
variou s petrologists and chemists of those countries. The 
bibliography is so very extensive that it would be qtiite im- 
practicable to give it here, but tlie great majority of the analy¬ 
ses will be found in Prof. Paper 99 of the U. S. G. S., with 
many references to the litcrature. It is obvians that we find 
in this extreme Southwest and south Circum-Pacific region 

a distinet change in tlie Chemical characters of the magma, 
apparently witb some affinities toward the Intro-Pacific rocks. 

INTRO-PACIFIC VOLCANOES 

According to Daly’s estimate” the area co-vered by the 

variou s Intro-Pacific islands, including detached emes, is about 
75.000 sqitare miles, of which ncarly one-half is embraced by 
a dozen of the largest islands. It mav be of interest to ptit 
on record Daly’s table as given in the paper cited in the 

Proceedings of the Conference, 

H Iddings and Morley. Jour. GeoL vol. 23, p 231, jpijj Pmc. Nall. 
Acad. Sci,, vol, 3, p. 105 and 502, iqi?. 

A. DaJy, Amer. Jour. Sei., vol, 41. p. 158. 1916. 
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TARLE II—AREAS OF PACIFIC ISLANDS 

Square Sepia re 

Group— kilometers mik-s 

Pclcw .... ........... 50J 1$4 

Bonin and nrighhoring ishinds .,.-. no 42 

Mariana ..,.....................1.140 440 

Cardine ...................... 1,450 560 

MarshaiI ............ 410 '59 

Hawaiian .... T ....17.008 6,566 

Fanning fgroup) .....,.. 668 258 

D f Entrecasteaux . 3.145 1,214 

louisiadc ........., 2.200 850 

New Caledonia .. 16.1520 6.528 

Loyalty . 2.743 1,059 

Kermadcc . 33 ij 

Rismarek (including Admiralfv Eslands) .. 47,100 18.1R4 

Solfltnnn .. 43.900 16,952 

Santa Cni* .,....... 938 362 

New ITchrides .......,., . 13.22? 5,107 

Fiji . 20.837 8,045 

Tonga ......_...... 997 385 

Otlbert ... 430 166 

Filice ................ 37 14 

Sani na . 2,787 1,076 

Ct»ok CHervcy) . 368 142 

Austrfll (Tubtiai) . 286 111 

Tokelau (Union) .-.., 14 5 

Phoenix .. 42 16 

Mani hili . 137 53 

Society .. 1,650 637 

Paumotu (Tuaiiiotu) . 978 378 

Marquesas . 1,274 492 

Easter and Sala y Gomea Islands . 122 47 

COCOS . 33 1,1 

Galapngos . 7,643 2,942 

Jiian Fcrnandrz (group) .. 187 72 


189,317 73 092 

In thc folUnving summa ry we shall confine our attentinn 
tn tliose islands made up wholly or partially of volcanic roeks, 
some of them Continental, and shall neglect the purely coral- 
line or other Umestone islands. 

It may be said at the outset that our knowledge of the 
cheinistry of the Intro-Padfic volcattic islands i$ not drtly fac 
from complete, but is not even approximately satisfactory. 
Indeed, it is of the most fragmentary character—here and 
tlierc an island or a volcatx> fairly well known, but not a 
singte group completely known as to ali its component islands, 
and many of thc islands and groups (probably most of the 
islands) almost or quite 1,111 known or not even partially in- 
vestigated. 
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The general character of the Pacific lavas is commonly 
supposed to be “basaltic.” In a generat way, this is almost 
certainly true. Rut. speaking petrographically, a dense, black 
rock that is commonly called a “basalt,” may be of very 
varied character, mineralogical and Chemical. And we are 
beginning to find out, from the very slight and scattered 
studies that have been made, that, not only are many of the 
“basalts** of the islands not true hasalts but rocks of much 
more alkaline character, but also that the occurrences of 
trachytes and other alkalic, non-basaltic rocks are much more 
numerous and wtdespread than was thought up to a very few 
years ago. 

Lacroix justly says, at the conci usi on of his paper on 
the rocks of Tahiti cited below : 11 II me parait donc vraisem- 
blable que Vetude attentive des roches volcaniques du Pacifiqtie 
nous menage des surprises pour 1'avenir et que beaucoup de 
celles qui, comme les basaltes de Tahiti, eonsiderees individuelle- 
ment et jmtj etudc chimique [italics mine] semblaicnt devoir 
etre rapportees a une serie calcique (pacifique), se rattacher- 
ont plus ou moins directement a Ia serie alcaline (atlantique) 
que je viens d^tudter." 

The genera! petrology of the Intro-Pacific volcanic islands 
is discussed more or less briefiy by Lacroix, 18 Marshall 18 and 
Iddings" and is touched on by Daly si in the two papers 
mentiotied above. It is noteworthy that all these, as well as 
other authors, point out with more or less emphasis the pallcity 
of our knowledge. A general, but brief, survey of tlie petrog- 
raphy of the Pacific Ocean, giving a ntimbcr of analyses and 
references. is given by Iddings in his Igneous Rocks (vol, 2. 
p. 648-657), and many analyses (up to 1914) and references 
will be found in United States Geological Survey Professiottal 
Paper 99. A general geologic description is given by Mar- 
shall in his Oceania, 1911. In the following pages only the 
more important and most recent papers will be mentiotied, and 
especially those that are devoted to the chemistry of the lavas 
and which contain analyses. Many of them contain refer¬ 
ences to previous literature. It should tie noted that tlie in- 

" A. Lacroix, Ruti. Soc. Geol. Tranet. vn(. to. p. f>t. irjto; C. R 
Acad. Sci- vol. 151, p. J2i, 1QI0, 

'* P. Marshall, Trans. X. Z. Tnst., vol. 47 p. h i6i, 191 5 - 

"J. P, Iddings, Proc. Nati. Acad. Sci., vol. i, p 41J. 1916. 

11 R. A. Daly, Amer. Jour. Sci., vol. 41. p. 15,!, tQld; Hull. Geol, Snc. 
Amer, vol. 47. p. 325. 1916- ( Dnly"s hjMinKrapliy is not completi'.) 
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tention here is not to discuss the petrology or chemistry of 
the islands, but simply to point out very briefly the amount 
and character of our data for the various groups, and to 
cmphasize the need of mitch greater extension of our knowl- 
edge. 

Let us begin with the Hawaiim islands. The Chemical 
and pctrological data for Hawaii to 1915 have been assemblcd 
and ably discussed by Cross in his well-known paper iS “The 
Lavas of Hawaii,” He also gives a complete biliography up 
to 1915. 3 t appears from this that including the new analyses 
published by Cross, there are but 43 usable analyses of the 
Hawaiian lavas so far published, as none published sincc 1915 
are known to me, Of these 26 are good and 17 are poor. 
As might be expected, the most attentiori has been paid to 
tbe lavas of Hawaii, this island being represented by 29 analy¬ 
ses; of these 22 (6 good and 16 poor) are of lavas of 
Kilauea, 2 of Manna K-ea (both good), 2 of Mauna Loa ([ 
good and 1 poor), 2 (fair) of Kohala, and 1 (good) of 
Hualalai, There are only 6 (fair to good) of the lavas of 
Oahu, only 4 each of those of Mani and Kauai (all good), 
and none at all of those of Molokai, Lanai, or the smaller 
islands. 

When we consider the importance of this group for our 
knowledge of the petrology and volcatiism of the Pacific, the 
enormous size of somc of the volcanoes, and the variety among 
the lavas shown by the few analyses available, as brought out 
by Cross, it is abundantly ciear that the data at hand are 
sadly inadequate. That the great volcanoes of Loa and Hu- 
alalai should be represented hy but one good analysis each, 
and Kea (the highest volcano in the Pacific) by only two 
analyses, reveals a niost lametitable state of affairs. The data, 
even backed up by petrographic study, are clearly quite in- 
sufficient for proper generali z at ion. 

It may be of interest to the members of the Pan-Pacific 
Conferencc to state, in connection with the study of the Ha¬ 
waiian lavas, that I am engaged in making a long series of 
analyses of thetti {25 having been completed at the time of 
vvriting), with the aim of making as complete a chemica! 
study as may be possible of the lavas of the whole group. 
Some of the material was collected by me during and after 

" VV. Cross, C. S. Geni. Survey Prof. Paper 83 . igij. 


Digitized by Lioogie 


Original frerr 

HARVARD UNIVERSfTY 



Paf£.rs on Vol,candlogy 


337 


the Conference, but for the greater part of it E am indebted 
to the kindness and getierosity of others, espccially Sidney 
Powers, Whitman Cross, J. Allan Thomson, R. A. Daly, F. 
H. Daingerfield, H, S. Palmer, and W. O. Clark, The re- 
sults of the sttidv will appear in a series of several sliort 
papers t to be followed by a monograph on the Petrology of 
the Hawaiian Islands. 

,As belonging to the chemistry of the Pacific vokanoes, 
though not strictly petrological, mention shoukl be made of 
the well-known researches of Day and Shepherd” on the 
gases of Kilauea, which have been of such importance to the 
study of volcanoes and their activity. Dr, Shepherd is at 
present engaged with further study of these, on samples col- 
lected by Dr. Jaggar, and has recently published two papers 
on the subject. 14 This is an investigation that has vielded 
rieh, and promises to yield richer, results and iis continuation 
is one of the most promising of Pacific volcanological snbjects. 

The Society Islands are better known chemically than 
are the Hawaiian islands, thanks to the work of Lacroix, 
Iddings, and Mar5ha11. !s Of the lavas of these islands we 
have, altogether, 47 analyses, all of good qttality; these in¬ 
clude 15 made by Pisani for Lacroix, 2 by Marshall, and 30 
made by Morley, Foote* and by me for Iddings, The great 
majority are of rocks from Tahiti. but the islands of Raiatea, 
M 00 rea, Huahine. Tahaa, and Bora-Bora are represented 
among the analyses published by Iddings, It is of interest 
to note that the so-called “granite,” found by Eliis on Bora- 
Bora, and thought to indicate a Continental origin for this 
island, is shown by Lacroix to be a dolerite* 6 (basalt), that 
is. a lava and not ati in trusi ve rock. Wliat Iddings” savs of 
the rocks of Bora-Bora and Tahaa is quite confirmatory of 
this. As Lacroix says: "Ainsi s’evanouit 1 e legende du granite 
des lies de Ia Societe,'* Grannlar (plutonic) igneous rocks, 

H Day and Shepherd; Bull. Geol, Soc. Amer., vol. 24, p. 573, 1912; 
C, R Acad Sci., vol. 157, p. 1027, 1913. 

"E S, Shepherd; Bull Haiv. Vote. Obs., vol. 7, p. 94. 1919, and 
ditto, vol. 8, p. 65. 1920 (Maum Lua). (I am informed by [)r. Shepherd 
that another paper on the «ases of Kilauea is to appear sbortly,} 

“A. Lacroix, Bull, Soc Geol. Franec. vol. 10, p, 91. 1010; and 
C. R. Acad. Sd., vol, 151, p, 121, 1910. Iddings and Morley. Proc. Nati, 
Acad. Sci,, vol, 4, p. Jio, 1518; P, Marshall, Trans, N. Z, Jnst„ vol. 47. 
p 361, 1916; and vol. 46, p, 281. 1914. 

“Lacroix. Bull. Soc, GeoJ. France, J916, p, 17S. 

M J P, Iddings, Proc. Nati. Acad. Sci., vol. 4, p. Tia. 1918. 
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which seem to belong to tlre corc ot the volcang, occur 
Tahiti. but very little has been written as to their relations. 
These islands promise resui ts of great interest and demand 
tmich more general attd detailed i «vestigat ion. 

The Samoan Islands are mucli less well known. Though 
we ha ve several papers on their geology and volcanology, we 
have few petrographic descriptions, and ten analyses, 18 the 
only good oiies being tliose published by Jensen and Klautsch. 
The analyses published by Weber are especially disappoint- 
ing because, though he had at his disposal the very consider¬ 
abit material collected by Kriedlander, only seven poor analyses 
were made for him by Hobein, in none of which were the 
two oxides of iron determined. in only one the titanium, and 
in none of them the minor constituents. It appears that 
Iddings did not visit the Samoan Islands and had no analyses 
made of their rocks. They were visited by Prof. J, Allan 
Thomson. on his return from the conferencc. and he has very 
kindly oflfercd to seml me for analysis representative speci- 
mens, of the rocks collected by him. 

Of the rocks of the Fiji Islands we bave but eleven 
analyses. all good. one by Stoddard and Mawson * 9 and ten by 
Foye 80 : though there are several good papers on their petrog- 
raphy, 11 which also disenss their Continental relations, Much 
more work remains to be done on the rocks of this important 
group. 

Of the Htrvty or Coak Islands tnuch the sam« can be 
said, as we seem to have but one analysis of the rocks 
(Rarotonga) and but two short petrographic papers. 3 * These 
islands would secm to be especially worthy of study. as the 
rocks, at least of Rarototiga and Aitutaki, are shown by micro- 
scopic examinatiori and chemical analyses to be very high 

"F. Mohlc, Neues Jahrh., Beil. Band, XV. p. 93, 1902 (no analyses) ; 
TI. I, Jcnscn, Proc, Linn, Soc. N. S, W„ vol, jr. p, 641, 1906. and vol. 32, 
p. 706, 1908;, M. Weber, Ahh, Hvaer. Akad. Wiss., vol. 24, p. 290. 1900 ; 
I. Fricdlander. Abh. Bayer. Akad. Wiss,. vol. 24, p. 509, iqto (no 
analyses) ; A. Klatilsch, Jnlirb. Geot. Land-Anst., vol. 27. 1910. 

w In W. G, WoolnoHgh. Proc Lirm. Soc. X. S. W.. vol. 28. p. 520, 1909. 

"W. G. Foyc, Proc, Am. Acad. Arts & Sci., vol. 54, p. 142, igr8. 

* l A. S. Haklc, Proc, Am. Acad., vol. 34, p. j8f. 1899; W. G. Wool- 
noti^h, Proc. bimi, Soc. X, S. W., vol. 28, p. 457, 1903, and di Ito vol, 32, 
p. 431, JT. B. Guppy, Observat i otis of a Xaturalist in tbe Pacific, vol. i. 
London. 1903 

"P. Marsliall, Trans. X T . Z. Inst., vol. 4r, p. 98. 1909; ditto, vol. 42, 

1910. 
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in soda and far from being typica! basalts, though they would 
be commonly called ^basalts.' 1 

Of the Austrat (Tubuai) /slands wc likewise know very 
little, theTe being few recent papers concerning their petrol- 
ogy ss and no analyses represetiting their rocks. The satne 
may bc said of the neighboring Gambier Islands. of the rocks 
of which we have but one anatysis,** and a few notes 011 sorne 
specimens. from Pitcaim Is 1 and. BB 

The New Hebridcs are better known, as we have some 
good descriptioris of their geology, of recent eniptions of 
Ambrym, atid of their rocks, with six good and two poor 
ana lyses of their rocks.®* The latest eruptio» of the volcano 
of Ambrym has beeu very graphically described in the last 
paper cited. 

The Carolme ,* 1 Mariana** and the Bismarck 39 groups are 
very slightlv known, there being but about half a dozen 
analyses of the rocks of the first two, (none of Cuam) and 
three of tlK>se of the last. Of the large island of Papua (New 
Guinea) we also know but little, eithcr petrographically or 
chemically, there beitig but four analyses of rocks from this 
island. j 

On the rocks of New Caledonia there is considerable liter- 
ature, whicli is almost wholly devoted to the nickel occur- 
rences of the island and the mining operations. Lacroix,* 0 
however, gives us nine good analyses. 

As to the other islands of the Central and Western Pacific— 
the Marshall, Louisiade, Solomon, Marquesas, Santa Cruz, 

51 P. MarshnU, Trans, X, Z. hiat., vol. 4.6, p. 282, 1914; tlitto, vol. 50. 
p. 27 8, ig 18. 

’* A. Iaicroiv. C- R. Acad. Sci., vol. 163, p, )8i, 191(1. 

W M. Lcvy, 0 . R, Acad. Sci,, 141, p. 895, ]QC>5; and P. Marshall, 
Trans X. Z. Inst,. vol. 50, p. 279, 1918, 

14 A. Liversidge, Jcnir. R, Soc. N. S. W., vol. 20. p. 2j6, 1887; I>, 
Mawson, Proc. Linn. Soc, N, S. W., vol, 30, p, 470, 1905; A. Lacroix. 
C. R, Acad. Sci. vol, 159, p, 489, igi4; P. Marshall, Trans. X. Z. Inst, 
vol. 47. p. .187, 1915; G, W. Card, Rec, Geol, Snrv, N. S. W,. vol, 9, 
p. 134. 1916:; Frater atid Gr-ccory, Geol. Maff., 1917, pp. 496 and 5 -»). 

W R, Kaiser, Zsch, dcntsch. geol, Gcs., vol. 54, p. 62, 1902; Jahrb. 
Pretis. Gen-I. Landcsanst., vol 24. p. Qf, 1904. 

"E. Lchmann, Tseh. Min. Pct Mitth.. vol. 27, p. i8t. 1908. 

"S. Vtirharz. News Jahrb.. Reil. Ril„ 29, p, 406, 1910. 

*A. Lacroix, C. R. Acad. Sci., vol. 132, p. 816, 1911. Cf. F. D, 
Power. Prnc. Innt Min. & MeUiL, vol. 8. iqoo: 1 his cnmains some rock 
de^riptions (110 analyses 1 hv Card, and n good hibtingraphy. Cf. Miller 
& Kniglit. Xickcl Peposits, Tdronto, p, 234. 1917. 
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Tuuga illiti, ulher volca.nic islands vt giuups—it may be >aUl 
that we have hut the most sranty in format ion or practirally 
none at ali* and apparently no analyses representing their 
rocks, 

Of the petrology of the islands near tlie wcst coast 01 
South America we ha ve little Information. Representing t lio 
othenvise fairly well-known Cala pagos Islands \ve ha ve but 
one ]X>or analjsis,* 1 and but one* and that of a badiy decotn- 
posed rock, from Clipperton, 4 * Of the rocks of Eastcr Isterni 
(Rapanui) and of Sala-y-Gotuce we havc no analyses* only 
a few somewhat doubtful statetuents bascd oti inadequate 
pctrographical study, The Juan Fcnmndez group is fairly 
well known through a sturty by yticnsel,” who describes it* 
geolagy and petrogTaphy, with threc good an a lvses of the 
lavas of Masafuera. but none of those of Masatierra. 

Frorn the abovc brief and hasty survey it will, 1 think, bc 
obvicus that our knowkdge of the chemislry and pctrograpliy 
of the Intro-Padfic volcanoes is lamentably incomplete. Rcpre- 
scnting the rocks of the volcanoes of a» area tliat amounts to 
about one-fourth of the earth's surface—rocks and volcanoes 
tliat prcsent problenis of verv great interest and importaiice 
for studv of ihc materinis and constitution of the eanh—we 
liave only a mcager 130 ara lyses. Of tliese, about 100 repre- 
sent only three island groups, and a very cotisiderable pm- 
portion of tliese atialyses are either of poor or. at best, of 
init tair quality. Of the best known groups—the Hawaiian. 
Socioly, and Samoati Islands—we ha ve little rtiore than gimipse* 
of the eomposkioti of their rocks; of the others but tantalizingly 
few data, or none at alL From the Httle that is vouchsafed 
tis. ii is true, we know enough to make, with some degree of 
securi tv, a few "cneral =;tatements—knowledge which onlv 
serves to whet our appeti'e for more, and for more detailed 
knowledge. 

There is mticli fhmv tmich we do not know i more va¬ 
riet y in the Chemical and mineralogical characters of the Intro* 
Pacific rocks than was thonght not manv years ago. and the 
collectioris and studies of eacli year strengthen iliis belief 
Iu this variety they are in striking contra st with the Circum* 
Pacific vokanocs, which show a rmich grtater uniformity ali 

n G, P, Merrill, RulL Mna. Cornp. Zwl,, vol. \6 h p, i8gj, 

° J. J. If. Trall Q Jour Gcol. Soc. fc vol 44 H p 2J0, i SqP 

* P. D. Quenscl, Gcol. Iitsi. Upsnla* vol n, p. 25-?, igu. 
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amund the great volcanic circle, In average composition the 
circum ferential and internal portions of the Pacific Basin 
show very great and striking differences, It is ciear now, 
largely through the labors of Lacroix, Marshall, Mawson, 
Woolnough, Jensen, Iddings, and Cross, meager as our data 
are. that, although the Intro-Pacific lavas are probably dom- 
inantiy basaltic, yet that there is an abundance of very alkalic 
types. The distriubtion of these throughout the area is a 
matter that demands much more acquaintance with the rocks 
of the region; but evidence is accumulating that the Intro- 
Pacific rocks do not represent a broad, general group fthe 
so-called “Pacific"), which has been supposed to be of es- 
seutially basaltic character, and contrasted with another de- 
cidedly alkalic group, the so-called “Atlantic.’* The differ- 
ences bctween these two supposititious rock families are sup¬ 
posed to be connected with the two main types of stress in 
the earth’s crust wbether tangential or radial, as they arc 
exhibited by the Coastal and other structural features of the 
two oceans. 

We cannot go into tbis and otber such matters here, but 
the mentjon of this one will, pcrhaps, suffice to give some idea 
of the possible bearings of study of tbe chemistry of the 
Pacific volcanoes on earth problems and of its consequent 
importance, and thus serve to emphasize the paucity of our 
knowledge and the great need for further and more detailed 
work in the region. 

COLLECTI ON OF SPECI MENS 

A few words may be devoted to brief discussion of tbe 
practical problem of obtaining the specimens and other data 
so much needed for the enlargement of our knowledge. From 
what has been said, it is fairly obvious that a very widespread 
and representative collection should be made, from as many 
groups, and as many of their constituent islands, as possible. 
Furthermore it will be necessary that these specimens be 
studied microscopically by competent petrographers, and that 
a sufficient number of representative specimens, properly selected, 
be analyzed by competent ehem is ts. 

For the purpose of a general reconnaissance it is not 
necessary, however much it be d esi rabie, that the specimens be 
collected by a trained geologist or petrographer. Our knowl¬ 
edge is so fragmentary, and the gaps are so many, that even 


Digitized by LjGoQle 


Original from 

HARVARD UNIVERSSTY 



342 Pan-Pacific Scientific Conference 


random specimens from the many as yet unknown islands, or 
even from the islands supposed to be well known, would be 
of great use and interest. Even pcbbles from the bcach would 
be bettcr than nothi ng and would teach us something, in many 
cases. AU of which serves to show how much is needed to 
give us a fair knowledge of the Pacific rocks. 

At a meeting of the Section of Volcanology, of the Ameri¬ 
can Geophysical Union, held in May, 1920, the suggestion was 
made that such collections, which would add much to our 
knowledge, might be made by the officers of vessels sailing 
in the Pacific. These would include official or semi-official 
vessels, such as Government warships or the “ Carnegie“ 
vessels belonging to various expeditions, such as the Domi- 
nick; or trading vessels, large or small, that visit the various 
islands. This suggestion was laid before a meeting of the 
Section of Volcanology at the Pan-Pacific Conference. and 
was discussed with approval. 

As regards the Carnegie, the steamer of the Department 
of Terrestriai Magnetism, of the Carnegie Institution of Wash¬ 
ington, it is a pleasure to say that the Director of the 

Department, Dr. L. A. Rauer, has expressed great interest in 
these suggestions, and that. following his iustruction, Capt. 
Ault and other officers of the Carnegie have been kind enough, 
during the last cruise, to collect and send to me for study 

various rock specimens of considerable interest, collected at 
different Uttle-visited stopping places. Some of these speci¬ 
mens wiII be studied in the tiear future. I am assured that, 
during future cruises. tliey will keep fhis matter in mind and 
collect such specimens as may be possible. I ain sure that 

ait studeiits of the petrology of the Pacific will be at one 
with me in expressing the apreciation of geologists to Dr. 
Rauer and to the officers of the Carnegie, not only for the 

specimens that they may thus niake available for study, but 
stili more for the example that they set to others with like 
Ijos sibi lit i es of rendering service to Science, 

At the meetings referred to, the suggestion was made 
that the aid and coopgration of intelligent mhabitants of the 
various. especiaDy less well-known, islands might also be 
invoked. This would include government officials, merchants. 
or others resident on the islands. The great vakie of such 
intelligent coopcration is most strikingly shown in rcccrtt 
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papers by Prof. Lacroix, some of whieh have been cited in 
previous pages. For much. if not the most part of the 
knowledge of the chemistry of the Pacific, he has been de¬ 
pendent on the collections made by such gener olis persons, 
who, at very considerable cos.t of time and eflfort to them- 
selves, have collected snch rocks as they could, and have 
thus etiabled us, tiirough thetn and through his studies of 
their material, to arrive at a much more detailed and better 
knowledge. Dr. Marshall has also had the advantage of sudi 
assistance, as may he scen from pcrusal of his papers cited 
above. I can only express the hope that the se examples will 
be contagious, and that, not only wil! the French and Brittsh 
island residents continue their good work in unselfishly col- 
lecting materi al for study by petrologists, but that the resi¬ 
dents of other nationalities, for example the Americans on 
the Pribiloff. Hawaiiati, Guam, Philippi ne, and Samoan Isi anxis, 
may emulate the niost excellent example set before them. It 
it one that is capable of yielding resuits of very great value 
to Science and to our knowledge of the Pacific, and one whieh 
will be appreciated by all students of the earth atid its con- 
stitution, 

All sudi eflforts, valuable as they may, and undoufytedly 
will, be, howevcr, sliould be superseded or supplemented, so 
far as may be possible, by more systernatic efforts. and it is 
with the greatest pleasure that I endorse the suggestion of 
Prof. Daly, pnblished in his two papers of 1916 cited above. 
for a thorough, systematic. and coordinated petrological and 
geological study of the Pacific vokanoes and their rocks. 

As mentioned ahove, the collecting of specimens and the 
making of notes as to their occurrence is but a step pre- 
liminary to their proper study. The specimen* collected sliould, 
or could. be sent in to certain centers, where they would he 
adequately studied, analyzed, and where the appropriate papers 
embodying the results would be pnblished. A number of 
such centers suggest themselves: such as the various geological 
museums, surveys and universi ties of Australia, New Zealaml, 
and Japan; the United States National Museum or the Geo- 
physical Laborat o ry: and the Bishop Museum, whieh might 
act as a ciear ing house for the proper distribution of such 
material, as was suggested during the confercnce. 

The important thitigs to be borne in mind are: 
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1. That specimens of the various Circum- and Intro-Pacific 
volcauoes should be coltected as widely and as systematically 
as possible, and with appropriate rotes; but, in any case, 
that they be collected; 

2. That they be placcd where they will be available for 
study by petrographers; 

3. That they be studied petrographically and analyzed 
chemically by competent meti, of whatcver Pan-Pacific na~ 
tionality; 

4. That the results of such studies and analyses be pub- 
lished and thus made available to all students, not only of 
the Pacific, but of the earth. 

We must know more, much more, of the chemistry and 
the petrography of the Pacific volcanoes; it is to the intereat 
of every student of the constitution—chemical, physical and 
tectonic—of the Earth; and all the Pan-Pacific nations should 
cooperate in aiding and forwarding such studies. As for the 
petrologist, his position is Tantaleam Like Lazarus he is 
asking for a drop of water; while hoping for bread, he wouM 
welcome a sto ne. 

DISCUSSION 

Ms. Hovev: Attcntion ii called to the obsidiari flows of Iwojitna, 
Japari, and of Mount Ararat, Armenia, and to the rhyolite of Mono Lake. 
Califomiii- It is helieved that the explanatiori given by Professor Daly of 
the obsidian of Yellowstone Park, namely, that such a subitanee may rep- 
resent the upper layer of a bathylith, is incorrect, 

Mk. Jaggari The iron content of the Hawaiian lavas is various, 
ranging from 11 per cent to almost 20 per cent in different specimens. 

Mr. Washington: The total amount of iron oxdies in various types 
of rock tends to vary with the spccific gravity and the relative amounts 
of ferrous and ferrie oxides with the degree of crystallinity. Recent 
analyses of Hawaiian lavas made by me show that of the earlier esttmates 
of iron content those a bove 12 per cent are too high. 

Mr. Dean : A copper salt in process of sublimation was observed 
on the edge of a red hot crack on the summit of a lava heap of Kilauea 
called Mauna Jlci. Strong decay of tlie rock is going on at the margin 
of Halemaumau and soluble sglphate collects in the new tunnels recently 
vacated by hot lava. 

Mr. Jagcar: Are the copper salts whtch have been occasionally 
foimd at isolalcd cracks in Halcmaumau. on the floor of Kilauea crater, 
in Kau desert Dow of Kilauea and at the low channel of the Alika Dow 
of Matina Loa near the sea in each case a produet of a con centraliori 
proces s. located at the place, or does the copper in streaks exist in tlie 
rock at that place? Tlie mu st complete nuant itat i ve a Halyses of Hawaiian 
lava which we have make no inention of copper, 

Mr. WEf.i.s: This does not ticccssarily indicate that the analysts had 
tested for copper. 
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Mi Jacs.mi : The occurnence of sulphate in tlic civeras of fresh 
fiovs at Kikuea appears to indicate a reaet ion between the sglphuric add 
in ilie flriv pases and the lsva of the How which was «ntittly cut oif irotn 
the siipply of fresh pas as the flow had become isohted froro the pit after 
the lava sanh in \’ovember, [|)IQl Afiparently the inlphurous add gas 
contaififd in the cavems was acted on by the ferric oxide of iron as a 
catilvser and converted to SOi which in tum acts on the rock coostit- 
uftiis io produce the varicus mctallic sulphates, there bettig a great quan- 
tiiy of vater vapor present which condenses in the pores of the roek. 
■Sufphate Solutions drip inio the cavernous spices and the crystalline 
deposits ire produced as the caverna cool. h thus appears that a consid- 
erahle percenlage of the odginaJ sulphur and metals contained in the hot 
lan rrm be removed in this soluble form, so that analysis of the cold 
tock is nnt identical with that ot the hot magma. 

Mu. Washington: Some of the coppcr salts mentioned by Dr. 
Oean and Di. Jaggar was collected after the conference adjourncd. It 
prured to be apithitolite, a sulphate of sodium and potassium, colored by 
copper. (Commvmicated to the PuMication Commutee. July, 1921.) 
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THE TECTONIC ASPECT OF VOLO AN IC ERUPTIO N 

IN HAWAII 

By H, O* Wood 

(Preliminary st at ement expanded by the author from the stetiographie 

rccotd of the Proceedings.) 

We ali know that progress in Science is made largely 
through the repeated examination of a body of facts, okl 
and new, in new ways or from new points of view ; or some- 
times in the consideration of newly assembled facts from older 
points of view which may ha ve beeti discarded, or in abeyance 
for a time* The Information and trial of hypotheses is the 
way to clearer imderstandings of the complex fabric of 
nature. This is the sole justification, of the present itW, for 
the discussion which foliows, and for the brief and informal 
treatment adopted here. The subject is one which merits 
a much more thorough discussion than cari be undertaken 
here. 

What is said here of the volcanic process in Hawaii must 
be considered as hypothesis simply at the present time. More 
and more crucial work is required to demonstrate the success 
or failure of the hypothesis advanced, This must be etnphasised, 
notwithstanding the fact that the view is one already received 
(and one applied far more widely than to the region here 
under discussion), among a circle of gcologists much larger 
than the writer had suspected until recently* But it must be 
emphasized, too, that it is a view in accord with a large 
and growing group of facts, formerly not known to volcanol- 
ogy when the prevalent, or recently prevalent, views regarding 
volcanic action were foTmulated. It mav be stated, too, that 
a strong argument in support of the view here advanced could 
be prepared. That, however, is not the present purpose. 
This is, to lay before you for consideration, without prejudice, 
a conception of the mechanism of volcanic action in Hawaii 
dependent chicfly on crust strain of tectonic origin and only 
in very subordinate tlegree upon the tension of volcanic gases, 
which is admitted to play a great part in eruption, or in ccr- 
tain stages of eruption, in many volcanoes. 

Tlie view that regiona! overstrain in the neighborhood 
crust sometimes might be the controlling causative factor in 
the extrusion of lava from vents in Hawaii was first suggested 
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to the writer by his study of the 1868 eanhquake here, This 
was a shock of great power, Just before it occurred the 
lava takes in the crater of Kilatiea were large and numerous, 
and activity in them was considerably greater than had been 
usual in the several years immediately preceding. An un- 
usually good outlet for accumulated gas under great pressure 
thus existed, had any very excessi ve gas tension within the 
edifice of the volcano been in fact accumulated. (In making 
this statenient the viscosity of the lava is not overlooked, for 
in any event this vcnt was fluld and large in area and 

weaker than any part of the solid shell of the motuitain .) 

Also, the shock which brought relief was preceded for severat 

tlays by hundreds of smaller shock s, some of which were 
caused by the opening of new fissurcs 011 the dome of Mauna 
Loa near its summit, where a “pillar of 5moke ,t was seen to 
ascend. Thus new additional otttlets were opencd, but the 
escape of gas through these was of brief duration and no 
great volume of escaping fumes was secn. This was, in fact, 
noted by only one observer, though frequent shocks had 
awakened watchfulness in many. At the time of the cttl- 
minating shock in the afternoon of April 2, 1868, several days 
after the crisis was first noticeably heralded and after the 
"pillar of smoke tJ had been seen, both Kilauea and Mauna 
Loa were split open forming a simple system of new fissures 
extending froin the summit craters of both mountains south- 
ward to the sea; and!, in additkm, the southcast coast of 
Hawaii subsided differentially by amounts which varied up 

to a maximum of seven feet. The shock was felt sensibly 
throughout the Ilawaiian group (except, perhaps, Niihau and 
Kauai), and was, practicaliy without doubt, a great tectonic 
earthquake, Furthermore, the rift zoues of Kilauea and Mauna 
Loa and the escarpments of the southeast coast and elsewhere, 
testi fy to the occurrence of many such earthquakes in the 
past. This indicatos that great and widespread regional strains 
liave been built Up and relieved on many occasions here. 

At the time of the culminating shock a lava flow broke 
out on the south flank of Kilauea. This was not ohserved 
closely, but it was, on land at any rate, of no unusua! magni- 
tude by comparison with other Hawaiian flows, as mav be 
seen in the field today. It appears smaller than most flows. 
Also the amotint of drainage from the crater of Kilauea 
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which simuitaneously occurred indicat es a flow of less than 
normal volume only. Though the volcanic outbreak was not 
observed closely there were many who experienccd the event 
who were living at no great clistan.ce whose attention wouid 
have been attracted by arty outpouring of volcanic fumes on 
a grand scale. It may be asserted confidently that tbere ivas 
no such cmanation (except the usual subordinate amount re- 
leased from the surface of the flow) from the great fissures 
split open at the instant of the shock. At the same time 
Matuta Loa was rent open without any observet! emanation 
of gas in conspicuous volume; and on tliis mountain lava 
did not emerge from the fissure until April 5th, ivhen a flow, 
apparently less thau normal in volume, burst out and made 
its way to the sea. This flow was observed closely by resi- 
dents ertdangered, therefore under circumstances making for 
anxiety and not calculated to induce calm in vestigat ion, but 
no significant emission of fumes was noted. Indeetl the whole 
event strongly suggested the folio wing explanat ion: a local 
region, which happens to be volcanic and to include two great 
craters, had reached a condition of critical, elastic, crustal 
overstram, a condition therefore which could not be relieved 
by the outwelling of lava from the craters, Consequently 
complica ted faulting took place with the production of count- 
le $5 $bocks in advance of and following the main shock, 

Fresh vents were opened and subordinate qnantitics of vol- 
canic gases escaped relatively slowdy (not explosively) from 
magma thus afforded contact with the atmosphere at places 
remote from the previously open vetus. The magma beneath 
ground appears to be very viscous and occluded gases move 
through it very slowly but great gas tension shottld have 

forced outfiow from ali vents without rapid movement of the 
gas through the viscons melt. At the same time lava ran out 
or was squeezed out through the newly opened vents until 
the strains were relieved and readjusted to a supportable value. 
There is no sugge.sticm that gas pressure, accumulated to an 
insupportable tension, was the cause of the action observed. 
Notbing of the explosi ve order occurred, and the circumstances 

of flowing, especially from Mauna Loa, do not even suggest 

magma tumescence as a significant cause, Moreover, the 
amount of lava which was extruded is of a low order of 
magnitude in comparison with the observed subsidence of the 
coast. 
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Aetion is suggestcd as though a bottle of Feebly car- 
bonated water or syrup were slowly sheared until, at first, 
minute cracks were opened from which the excess gas sizzled 
out, and later, larger cracks, sufficient to rdieve the strain, 
or to reduce it to a supportable value. which would permit 
and perhaps compel some of the liquid to run out. This 
is a small scale picture of the action visualized on this oc¬ 
ca sion. 

Such an idea is not new, at least in its basic parts. But 
it suggested itself to the writer in connection with Hawaii 
independently of its growth elsewhere, because of the, to him, 
ciear interpretat ion of the events of 1868 which it allows. 
Thus it led him to further examinat ion of the facts of erup¬ 
tion in Hawaii, with such an idea of tectonic causation fore- 
most in mind. 

Consider, then, the following train of events. In Septem¬ 
ber, October and November of 1914. local earthquakes were 
registered in slightly greater n umber than their a ver age or 
normal occurrence up to the outbreak of eruption in the 
summit crater of Mauna Loa in November, after which they 
becanie normal in frequency of occurrence. None of these 
shocks was strong. The event in which they culminated 
was very feeble, consideted from a tectonic point of view. 
The first phase of tlie eruption in Mokuaweoweo was the 
rapid outrush of fumes from its Central part in very consider- 
able. but not tremendous, volume. At the moment of out¬ 
break a small swarm of feeble shocks was registered. The 
rapid emissio n of fumes grew to its maximum within three 
to five hours and afterw r ard feli off greatly, After ciglit 
hours diminution became noticeable and after eighteen hours 
very conspicuous indeed so that the fuming had become merelv 
incident to the outwelling of lava. Eruption in the crater, 
however, continued for al>oiit two months accompanicd bv 
waning, though variable, output of fumes in very subordinate 
amount. At no time after the first day was the fuming of 
the outrushittg order. 

The source of eruption was found to be a straight, narrow 
zone of fissures, about a mile in length, traversing the floor 
of the main crater in a NNE-SSW direction, along which at 
first twelve, later four, and stili Later only one, sheet-fountains 
I brnad along the fissure and narrow across it ) were active. 
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On the twenty-first day of eruption only tlie single chief foun- 
tain remained in piay and the fume output was practically 
ncgligiblc, Icas than the usual rdease at Kilauca. While, Uter 
011, the funiing underwent slight arui vari abi e increases in 
apparent fiiming, whicli led the writer to infer an increase in 
activi ty at the sun iniit, tliere itever was ai»y recrudescencc of 
outriishing. That pliase was all over in less than twcnty-four 
hours. Vei the oiiffioa' of lava onto the floor of the crater u>as 
defittitcly much greaier after the twenty-first day of eruption 
finiti the nmnunf exiruded hefnre that time, lotig after by jQr 
the greater part of the had been rcleased and any poten¬ 
tia i dite to gas tensio>t had been corresponditigly redttccd . .'hrd 
nuder oli the cireuinsiances this intrnal scetns too great io be 
oscribcd to lag in response in the output of /otio. 

This siimmit eruption may be thought of as the first 
eveni in an erupti ve sequente which culminated in 191*1 (or 
pissibly later stili). What, then, is the testimony of the snb- 
sequent events? 

In the early moming of the i8th of May, 1916, again 
a verv considcrablc but not trcmcndong outburst of furnes 
rttshcd rapidfy upward from a new vent hi^h up on the south 
Haiik of the mmintam. On this occasion rapid and voluminous 
emission was confined to an interval of less than four hour>. 
(Tliere is also one report of a noctumal outburst of stili 
hriefer duration a few hours earlier.) Some ihirty very feeble 
eartliquakes \vere re^istered during an interval of about twelve 
hours hefore, duriiijj and after the phase, or phases. 

Othcr than this there was 110 recognizable seisniic prelude. 
Some twenty-four hours then elapsed without further seismic 
or voleanie e vent, Then. without any recrudcsccncc what- 
ever in the aetimi of funimg, earthquakes began to he regis- 
lered at short intervals. Most of these were stronger than 
dii v of tlie lilii ly thal accompanied the outhreak of funiing. 
thou^h any accumulated ijas tetision had been afforded a lartre 
111 casure of relief. and a vent had been opened where further 
relief ntight he ohtaiueti. These shocks contimied to occur 
in grentor and greater mimbcr. and the stronger ones reached 
^reater and greater intensity, for several days; this held trite 
even after Hotv had broken out. which occurred about 3(1 
hours Uter (about bo hours after the fume cutbreak) at a 
place in the rift eoue about thirteen miles further down the 
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mountain than the source of the outrush of fumes. None of 
these shocks was of destructive magnitude, though they re- 
sulted frorn the opening of a zone of fissures nearly four miles 
long in the basaltic rock t>f the mountain, But their locus 
was in a zone of rifting which shows Kterally countless scars of 
former fractures. It was therefore a weak place. Neverthe- 
less, gratfual failure and the production of a new rectilinear 
fanlt-fracture in it was the sotirce of this shaking, When 
flow had broken out the futues released at its origin and along 
its course, though considerahle of course, were insignificant 
in votume by comparison with those etnitted in the earlier 
outrush from the higher source, where Iittle or no lava was 
extruded and where only a few feeble shocks occurred,— 
although the flow continued for more days than did the out- 
rush of fumes hours. As the flow declined the earthquakes 
feli off in iiumber but those which did occur continued to be 
strongef than tllO£e of the Cafly gfOlip. Orte of the laSt of 
the series was stronger than any previous orte. 

The writer understands that a somewhat similar sequencc 
of seismic and volcanic events accompanied the eruption of 
Mauna Loa in 1919, and that analogous behavior character- 
izerl the Mauna-iki outbreak of Kilauea also in 1919. 

The eruption of Matina in 1887 presents a similar 

htstorv so far as observations are on record; and that of 

* ■ 

1907, too, is likewise similar in such details as are avaUable, 
There is nothing on record in connection witli other eruptions 
here which is in consi stent with these hjstories, but in many 
instances the parallels are not complete perhaps uwing to 
the defectiveness of the earlier records. 

In the cases cited, and especially in the 1914-16 scquence, 
a tectonic mechanism of eruption, like that suggested so strotig- 
1y by the events of 1868, would exptain satisfactorily ali the 
facts observed in field and station. 

The following instrumental findings are also consistent 
with tliis view. Since the establishtnent of a seismographic 
station at Kilauea quite a mimber of “swarms*’ of small local 
earthquakes (from scores to hundreds in the swarm) have 
been registered. Severa! of these are illustratcd 011 diagrams 
already shown and discus sed by Jaggar in other connections, 
The shocks in these swarms, as well as other shocks here, 
may be separated into two groups as Jaggar has indicated: 
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those referable {on the basis of origin-distance) to sources 
011 Manna Loa. and those probably referable to origins about 
Kiliuea, Tbfc swafms clearly referable to Maurta Loa have 
been due to the genesis of tresh fissures in the crater or on 
the flanks of that mountain, as shown above. But the swarms 
referable to Kilauea ha ve, except in the recetit instance of the 
outbreak of the Mauna-iki flow, not been proved definitely 
to be due to ftssuring. However, they have conspicuously 
accompanied rapid subsidences in the pit crater of Kilauea. 
Ha lema uni au. Some of these subsidences bave been very 
abrupt and their associat ion with the shocks very ciear. No 
rapid subsidences have occurred without the accompaniment 
of sudi shock swarms since seismographic Instruments have 
been set up here. It is reasonable to infer that on these oc- 
casions the mountain has been fissu red at moderate depths as 
a resuit of crust strain and that si multa neo usly magma has 
flowed into spaces thus opened, forming dikes or silis in the 
flanks of the mountain. thus quickly lowering the level of 
melt in the pit. 

It is possible to offer other explanations of this action 
more in harmony with views in which gas tension is involved 
more promineutly. But, whatever the future verdict of vol- 
canology, these are not now more probable mechamsms than 
that here suggested. In this ootinection one thing now seems 
sure, that the sliocks in question do not in general emanate 
from the axis of the pit crater {unless from very considerable 
deptli), and so cantiot t>e due to collapse there either of fluid 
or of solid m asses, nor to explosi ve action in auy ordinarv 
sense. If the sudden withdrawals of lava in Halemaumau are 
in some way due to decrease in gas tension in the magma Sys¬ 
tem. mtmerous shocks of moderatety deep but not very deep 
origiti from sources at greater or less distance from the axis 
of the pit mu st l>c explaincd as to mcchanism. 

This. then. is an hy potile sis of volcaiiic eruption in Havvaii 
which deserves further consideratiori, and for some workers, 
nvire emphasis than it has hitherto received, and these are 
some of the facts and relationships which suggest and sup- 
port it. It is. not coti si de red proved, Further work, critical 
observat ion, measnrement and possihly experimentation, is re- 
t|iiircd. The writer considers it a prohable hypothesis, especial- 
Iv in ihe case of eruption in Ilawaii. Tioth it, and all views 
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which ntay be incotisistent with it* <1eserve the closest and 
most critical scnitiny. Shonld furtlicr work strengthen it and 
make it more probable ihan other views> the implicatiotis o i 
many observations will be changetl grcatly. This is a maticr 
cf the greatest importante in volcanalojjy. 

DISCUS SION" 

Mr. Jacear: Do ynu considor the stibstance underground which we 
call Java to be liquid ? 

Mr. Wood: I think the lava underground in the rift system was. a 
liqiiid and so ex i steti in the upper chamber of a batholith. 

Mr. Washington: Regarding the diffieulty of transmission of the 
S wnves of an earthquake through a liquid; such liqui d might exist in 
reservoirs undcrgroimd which would aet merely as pockets witbin a rigid 
trusu the trust iransmitting iht wave motions around the pockets, and 
umffectctf by thcm. 

Mr_ Wood: With prope rly disposed instrumems of high grade it 
might be possible to map out the boundaries of a liquid body underground 
through the failure of the liquid portion to iransmit the S waves. 

Mr. Romb£rg: In my opinioti S waves might go through a liquid 
body and he converfred into L waves in the protess. 

Mr. Omori: There are cases in Japan wliert the flood wave from a 
submarine earthquakc started Iandslips which in themsclvcs occastoned 
other disastrous waves. Was the 1868 disaster m Hawaii of tbat order? 

Mr, Wood: I think not* as the whole Puna cuast was faultetl down h 
and in \8z$ there was also a strong earthquake at the time of the erup- 
tions in the Kau Desert. 

Mr. Thurston t Dr, Brigham reported sunken stumps along the 
Puna coasl in 1864 . Eliis had reported a rilt operi near Kalapana, iu 
Puna b in 1823 . Asa Thurston repOTted active lava stili visible near the 
top of Hualalai in 

Dr. Omori : May I express the hope that precise benth mark.s might 
be placed across the Hawaiian vnlcunoes with a view to deiermining 
mSmile ohanges of level. 
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FLOOR OF THE DEPTHS OF THE PACIFIC OCEAN. 
WITH REFERENCES TO VOLCANIC TOPOGRAPHY 
AND VOLCANIC OR SEISMIC DISTURRANCES 
By G. W. Littlehalss 

In connection with a contribntion for publication among 
the Communications from the delegates to the First Pan- 
Pacific Scientific Conference, entitled ‘‘The Problem of Ascer- 
taitiing the Configuration of the Basin of the Pacific Ocean,” 
occasion has been taken to refer to the manuscript sheets of 
the bathymetrical chart prepared by the United States Hydro- 
graphic Office containing ali the authentic deep-sea soundings, 
as evidence of the small extent to which the basin of the 
Pacific has been sounded and as showing the atiadequacy of 
existing measurements to define the conto urs of configurat ion 
heyotid the continenta! shoulder. Accompanying the mentioned 
communication is a chart of the basin of the Pacific, on a 
reduced scale, showing wbcre the oceati lias been sounded. 
In regious where soundings are represented in this chart, if 
ali the rccord-ed soundings could ha ve beett included there 
would, in general, be yet too few to admit of conclusions 
in relation to even the grosser aspects of the orographv 
of the floor of the ocean. Nevertheless, there are some 
parts of the Pacific where the number and distribution of 
the measurements of depth ha ve proved sufficient to aflord 
an approach toward a fulfilltnent of this purpose, notably 
in the lane extending from Califomia to the Hawaiian islands, 
of which a contoured map and profiles are published in 
United States Senate Exectitive Document Number 153, 
52nd Congress. First Session, bcing the "Rcport of the Re- 
sults of the Survey for the Purpose of Determining the 
Praclicability of Laying a Tdegraphic Cable between the 
United States and the Hawaiian Islands/’ Although, as yet 
there is little ground upon which to hase general conclusions, 
the di versificat ion found to characterize those areas about which 
most has been learned appears to support the view that the 
floor of the Pacific is extensively featured with orographical 
formaticms cuLminating at every stage of depth below the 
surface as well as above the surface of the ocean. 

The published Hydrographic Office charts of the Pacific, 
cspeciallv those of the series of ocean charts whose designa- 
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tions in the officia! catalogues are numbered 526, 527, 528, 529, 
823, 823A, 824, 824A, 825, 825A, 826 and 826A, wilj he found 
to afford indication of these decper banks as well as the Poly- 
nesian features and the t>anks of lesser depth, and to give in- 
dicatio ti t in connection with the soundings, of the nature of 
the inaterials covering the floor of the oceait, which are often 
coniposed of lava and other stibstances of volcanic origin, 
The books of sailing directions, called piiots, issued by the 
Ilvdrographic Office to accompany the nautical charts, are 
also to be recommetided for the records they contain of evi~ 
dences oi volcanic and seismic disturbances, and this is yet 
further true of the monthly Pilot Chart of the north Pacific 
Ocean and ihe quarter-yearly Pilot Chart of the south Pacific 
Oeean partitu lar ly as concerns reports of seismic shocks at 
sea and great sea waves. 


dtscussion 

Mr. Omori i The submarine cahle companic; sbould be inducet! tt> 
fumish the scicntibc authorilies of their governments with complete pro- 
liles and other data sudi as cause of brcaks in cables. The cable broken 
at the time of the Sakurajima eniption was ruptured by tension. 

Mr. Washikcton: It is very <f esi rabie that accounts of submarine 
earthqitakcs and eniption s sbould be gathered from the logs of ships, and 
that marmers shoidd be urgcd to make ftill fecords 
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A PROGRAM FOR THE STUDY OF THE VOLCANOES 
OF THE ALEUTIAN REGION 

Bv Rodkrt F. Griggs, Director of the Katmai Expeditioris of 
the National Geographic Society 

(Presented by invitation of the Committee on Probram. 1 
No group of volcanoes is more active or interesting than the 
Alaskan chain which stretches froni the head of Cook inlet, some 
]2oo miles, to the tip of the Alentian i stantis, and none is less 
known. More than 50 peaks in this chain have been definitely 
reported active within historic times, Bttt ktiow*ledge of the 
conntry is so meager that it is quite certain that a geological 
examination wonld greatly increase the number of venta from 
which eruptions may be expected at any time. 

One does not have far to seek for verification of this state- 
rnent. Before the great eruption of 1912, onlv two of the fi ve 
volcanoes of the Katmai district were recorded as such. And 
these two were mere names on the map concerning which no 
real information was available, Notbing can be more certain 
than that important eruptions will occur frorn one or another of 
the almost unknown volcanoes of this chain every few years. 

Btit the distances are so great and the transportation facili- 
ties so meager that tlw volcanologist has little chance of leaming 
of an eruption tintil long after it is over. An interesting case in 
point was the visit of Prof, T. A. Jaggar, Jr, t to Bogoslof in the 
spring of 1907. The trip was undertaken merely because Bogos¬ 
lof is a unique example of a submarine volcano which Dr. 
Jaggar wished to study. But wlien he arrived he foimd that an 
eruption had occnrred only a few months before, so that he had 
reacherl the scene at a most opportune time. 

It more often happens that the seat of an important enip- 
tion is not studied for years afterward, as in the case of Katmai 
who&e crater was not examined until four years after its great 
eruption. It is impossible to estimate how much grcater and 
more illuminating wonld be onr knowledge of this eruption if 
someotie thoroughly fatntliar with the grotind beforehand and 
equipped to makc the necessary observatione on temperature* 
and a collection of gases giveu oflf, had studied the eruption 
immediately, Today we know only that dtiring and immediately 
following the explosi ve phase of the eruption there were numer- 
ons acti vities of very great magnitude concerning whose nature 
we have only inference wliere we might have had precise infor- 
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mation. Looking backward wc camiot question but that the 
vaJue of such Information from a practical, as well as a theoret- 
ical point of view, would exceed the cost of maintaining a siaff 
of trained obseryers in the region for many years. 

There stili remains miich work to be done on the manifold 
aspects of tlie ertiption of Katmai. Bnt the most pressing need 
of Science m the Aleuttan region is exploratiori of tlie many 
unknown volcanoes and the malntenance of a corps of trained 
observers prepared to investigate every new eruption. Such 
exploratio» would btiild up a secure basis of data concerning 
the volcanoiogy and geology of the region that would be of 
inestimable Service in the ititerpretfUion <>f future erupti oti$. 

Comparative observations along the whole length of the 
volcanic axis would enable ns to gain sonie conception of the 
past and present manifestations of volcanic forces along the 
chain taken as a unit. For it is highly probable that in many 
of its aspects the whole chain presents a single problem. There 
can be little doubt but that the volcanoes of tliis distnct are ali 
outlets of a single fundamenta! fracture in the earth’5 crust, 
despite the fact that it crosses the most diverse sorts of geologi- 
cal structure. Comprehensive correlatione which would permit 
an historical conception of the activity of this great chain could 
hardly fail to throw Hghr on the great problem of the relation of 
volcanic activities to the deformation of tlie eartIVs crust. 

During the course of such exploration one or more import¬ 
ant eruption s would be almost certain to occur In such an event 
a well-equipped party would be on the ground prepared to study 
the outbreak with very good prospects of making important con- 
tributions to our understanding of volcanoes. In such work it 
is essential to be able to move promptiy to any point at which 
activity devebps. Inasmuch as every otie of the volcanoes of 
this djstriet lies within twenty-five miles of the scaboard, it is 
entirely feasible to equip a laboratory alite to carry on a large 
variety of work and yct capable of beiiig moved to any locat ion 
demanded by the work in hand. Tlie hrst and most imperative 
need for the development of volcanoiogy in the Aleutian region 
is, then, a floating laboratory capable of serving as a base for 
the exploration of the peninsulas and adjacent islands. 

What is necdied is a vessel large cnough to provide tlie 
required living and laboratory qnarters, staunch eitough to 
enti ure the had weather for which the region is notori ous. and 
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with spced enough to utilize favorable opportunities for making 
dangerous landings, etc. There is work enough in this di^trict 
to occupy such a vessel fully for several decades* If slie mere 
maimerf with competent invesligatc-rs, there cari be no dotibi luit 
that she would make a very great and important contrihution to 
otir knowledge of volcanism and its bearing on human aflfair*. 

The usual method of procedure when no exceptionsl activ- 
ity was in progress would be to bcgin work in the spring abitit 
as soon as the davs became long enough to permit a party to 
operate to advantage. ntilizing the snow for sledgiitg provisio 
inland to the sites of the permanem campa to be used during the 
ensuing open *eason. The parties would then work in the fi*ld 
as long as weather permitted (October or Xovemher ], and 
return to the States during the winter months for that fresh 
coutact with other scientific woikers wliicli is mi essenlial (o 
continued producti vity. Such a plan of procedure usiitg a com- 
fortablc vessel as a base would not only greatly reduce the labor 
of ^getting supplies into positioti which is at present the bugbear 
of e very partv working in the cotintry; it would also greatly 
increase tlie amount of work that could be done by a partv in a 
season, for no time would ha ve to be wasted handling* supplies 
during the short season most favo rabi e for work. 

The cost of siirh a project may at first stght appear prohibi- 
tive. It is necessarily much greater than a studv of volcauoes 
located in civilized rcgions. But fiom the nature of the case this 
project can not be comparcd with an ordinary geological survey* 
It is more nearly comparable to Arctic cxploration, Judged by 
such Standard*, it is relatively inexpensive, for not cmlv would 
the first ccst be much less, since a smaller vessel would suffice, 
hnt tlie total cost distributed over a period of years would be 
verv much less because the work would occupy such a vessel 
continuously for many years. Further, the scientific results to 
be ubtaiued are iu all prubability of far mi>re importance and 
vahic tlian the results of Polar expior at imis 

It is certain, moreover. that this region can ncver ljecotne 
adequately known until such a project is imdertaken. 
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SUGGESTIONS FOR THE STUDY OF VOLCANOES 


(Seport by Hcnry S„ Washin&ton on a Meeting of the Section of 
Volcanology of the American Geophysical Union oti Methods of 
Volcano Study.) 

The meeting was held May 26, 1920, Messrs. Baiier, Bowic, 
Cross, Day, Sosman, Washington, and Wood being present. 
The object of the meeting was to discuss some possible sugges- 
tions regarding the study of volcanoes which Dr. Washington 
might present to the Pan-Pacific Seientific Confetence to bc 
held at Honolulu later in the summen 

It was suggested, after discussion, that no specific recom- 
mendations be made, but that some of the more desirable sub- 
jects of possible importance that might be brought before the 
attention of the Pan-Pacific Conference were: 

n The importance of the collection of data on volcanic 
eruptions and the making of a catalog of volcanoes; 

2. The enlistmcnt of the aid of mariners, commanders of 
vessels navigating the Pacific, and of inhabitants in the various 
islands, in collecting such Information ; and also specimens 
of lavas; 

3, The importance of the study of log books of vessels 
navigating the Pacific, which contain many data and observations 
now lost to Science, and which would be of much value in the 
study of the volcanoes of the region. 

After expression of interest in the aims and work of the 
Pan-Pacific Conference, and the desire to he of assistance in 
such ways as might be possible, tbe meeting adjourned. 
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THE BEARING OF VOLCANIC OBSERVATORV WORK 

ON SELENOGRAPHY 


Bv Wiluam IT Pickering, Assistant Professor of Astronotny, 

Harvarci Observatory 

(P roseti ted by invitation of the Commitlee on Frogram.) 

It appears to the wnter that the most useful work that can 
be done in Selenography at such an observatory, by those who 
are not professiotial selenographers, is in obtaining and publish- 
ing photographs, such as illustrate the Monthly Bulletin of the 
Hawaiian Volcano Observatory. I ha ve particularly in mind 
Volume 8, No, 9, recently issued. The terraced walls, and the 
small crater lake tliere shown are distinctly lunar in appearance. 
Photographs showing the elevation of the rim of the lake above 
the Central plain when the Lava has partially witlulrawn and 
above the surrounding surface would also be valuable. 

Should a Central peak at any time be produced, such as 
occasionally occurs in the case of the more acid lavas of Europe 
and the Azores. this would be of decided intetest. Craterlets 
scattered irregularly over the interior of a larger crater, on the 
other hand, are common, both on the moon and in Hawaii. I 
ha ve In mind Haleakala and Kilauca Iki. Lines of minute regu- 
lar craterlets lying along a volcanic crack, especially if they were 
confluent, or nearly so, such as we find in the crater rills of the 
moon would be particularly valuable. 

All of the more striking volcanic features of the lunar sur¬ 
face have now been fully explained by terrestrial analogies and 
examples, The photographs above suggested would therefore be 
largely for educational purposes, among those geologists, and 
that portion of the public not familiar with the lunar surface, 
rather tban for original lunar research. Rut at the saine time 
there may be minute details of the lunar surface, visible under 
favorable circumstances, wliich would strike the eye of a trained 
volcanologist, and which would not be noticed by one not so 
trained. In such a case the^e photographs might be of the 
greatest assistance. 
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REMARKS OX VOLCAXOES 
By Henry S. Washincton 

(Delivered extemporaneously at the Kilauca session of the Confcrence 
at the request of the Committee on. Program. Stenographic 
repgrt revised by the author.) 

Regarded as earth phenomena, that is, from the point of 
view of the earth as a whole, volcanoes are very small and almost 
insignificant affairs—one might say, only little pimples on the 
"face of the earth.” On the other hand they are of very great 
importance from the human standpoint, both as an el ement of 
danger to the lives and property of those who are fortunate, or 
unfortunate, enough to live near them, and because beneficently 
the soils formed from their ejecta are among the most fertile 
that \ve have. Scientifically, also, they are of the very greatest 
interest, both in themselves as one of the manifestations of the 
natura! forces of the earth, because they are connectcd in some 
ways with some ore deposits that are so usefu! to mankind, and 
because they are among the few means that we have of arriving 
at a knowledge of what sort of matter exi sts, and what physica 1 
and Chemical conditions may obtain, beneath the surface of the 
earth, which we call its "crust." 

We know very Uttle about the interior of the earth, and 
much of what we know is derived from the study of volcanoes 
and earthquakes. But we are fairly sure of the following: 

t, The interior is essentially—or, at least, behaves essen- 
tially like—a rigid solid. That is, it is not formed of a conv 
paratively thin crust covering an interior made up of "fiery” 
molten rock, but is solid throughout, from the surface down to 
the eenter; though, to account for volcanoes, we must admit the 
possihility of local metting or the presencc of comparati ve ly small 
"reservoirs^ of tiquid rock "magma/’ 

2, The interior is hot, but of an unknown temperature, and 
the temperature probably increases more or less regularly toward 
the center, but with gradients (temperature increases) that are 
unknown beyond very shallow depths of about a mile or 50, and 
that are very different in different places. 

3, The interior is of a density greater than that of the rocks 
of the surface, inasmuch as the density of the earth as a whole 
is about 5-55, wdijle that of the crust is about 2,77. That is, the 
earth a* a whole is about twice as heavy as the rocks that we 
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know, and probably at or near the center the density may be 
8 or io times that of water, 

4- The earth as a whole acis in many respects like a liuge 
magnet. 

5* From study of the propagation of earthquake vibrations 
through long distances, we are led to believc that thcre is a 
change in the physical and probably Chemical characters at about 
0.5 of the radius in depth. that is about half way down toward 
the center. Certain kinds of earthquake vibrations are damped 
or stopped when the earthquake studied is so far away that the 
waves have to pass through this deeper portion of the interior, 

6. It is generally believed, from consideratiori of the density 
of the earth and the compositiori of meteorites t that part of 
the i merior is composed of meta Ilie iron, or of an alloy of iron 
and nickel. similat to what constitutes the iron meteorites, 

There are several kinds of volcanoes, the fonns assumed by 
tliem being in great part dependent on the general compositicii 
of the lavas and other products ejected. Thtis we may have the 
so-called "fissure eruptious,” such.as the basalt flows of the Dec- 
can in India and the valleys of the Columbia and Snake Rivers 
in the northwest United States, where the basaltic lavas, which 
fuse at low temperatures and are very fluid, issued mostly from 
cracks or fissures, and poured out in vast floods of very Jiquid 
lava which fiowed over the surrounding country like fioods of 
water. At these eruptions the re was little explosive action and 
consequently little formation of volcanic ash, so that true vol- 
canic cone5 are few, subsidiary in importance, and very low and 
flat because of tbe fluidity of the lava. 

There are the so-called st rato-volcanoes,, in the form of 
more or less regulat cones, built up of irregularly alternating 
beds of ash or lava flows, according as the various eruptions 
were more or less explosive in character, The lavas of which 
these are composed may be quite various, ranging from those 
very high in silica, called rhyolites, through those of medium 
silicity, called andesites, to low silica rocks, the basalts, such as 
are most of the rocks of the Hawaiian islands. The volcanoes 
of the great “circle of fire” that surround the Pacific, including 
ihe enti re length of the Andes, with the oflFset of the West 
Itidics, the extinct volcanoes of the Cordilleras in the United 
States and western Cauada. the more or less active volcanoes of 
the Alentian islands. and so around and down the w T estern coast 
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of the Pacific through Kamchatka, Japan, the Phili ppines, etc.. to 
the Dutch West Indies, are generally of this type. ' The weil- 
known Yolcartoes of ^ ^ csuviv^s and Etna are also strato-vplcanpes. 

There are also some volcanoes the lavas of which are very 
high in silica, and as such magmas are much less fusiblc than 
the basaltic oties, we find that the lavas issued at these, not as 
more or less liquid lava, but as a stream of half-solidified, 
angular, very glassy bfocks, or else formed donies (not cones), 
of generally small size, but with stcep sides. We see examples 
of these at Santorini in the Grecian Archipelago. the Island of 
Lipari, and on the Island of Pantelleria near Timis. 

Another type of volcano is that in which the eruptions have 
been almost wholly explosive, so that tbe “volcatio'* consists of 
what is really only "a hole in the groiind,” produced by the 
explosion of the gases (of which we shall speak presently), and 
with the emission of little lava or true ash. Such volcanoes are 
found in the vokanic region of the Eifel in the Moselle valley. 

The volcanoes of the Pacific islands, including those of 
Hawaii, are very largely basaltic, and may be classed with the 
st rato-volcanoes, though the lavas generally have been so fluid. 
and the formation and ejection of ashes so slight, as comparet! 
with the emission of the fluid lavas, that they may, perhaps, bet- 
ter be classed with the low and wide-spreading cones that may 
accompany the basaltic fissure eruptions. Kilauea, on which we 
are now, is an excellent example, and the angle of slope of its 
flanks is so slight that you will ali have noticed that the ascent 
the other day along the forest-clad road was more like a drive 
along a plain than the ascent of a volcano. Mauna Loa, which 
rises up before us now, and Mauna Kea, to the northwest, also 
show slopes of only a very few degrces, due to the general 
liquidity of the basaltic lavas. 

Eesides the mineral constituents of lavas and other igneous 
rock, the magma—that is. the molten substance that comes up 
from down bdow and which solidifies as rock—contains very 
considerable quantities of gases. These arc held in solution in 
the highly heated liquid, very much, or indeed quite the same, as 
carbonic acid gas is dissolved in a ljottle of beer or of soda 
water. or as air is present dissolved in ordinary water. In the 
depths, far below the surface, the pressure is so great that these 
gases cannot escape, but as the colurnus of liquid lava approaches 
the stirfacc, in the crater of the volcano, the pressure dimin- 
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lshes, permitting tlie gases to esca pe, just as it does on opetiing a 
bottle of beer. Wliether it escapes quietly and gradually, or more 
rapidly. and sometuuea even with great explosivc violciice. 
depends upon tlie character of the lava, whether it is rnore or 
less liquid or viscous( this being largely dependent on its cliem- 
ical character), on tlie amo uni and kinds of gas present, on tlie 
temperature, on the depth and size and si i ape of the orifice, aiul 
on other stich factors. Tn the pit of Halcniaumau we have ar 
cxample of very quiel OLttpouring of gas, this being duc, probably' 
chiefly to the great liquidity of the basak, partly because of tts 
chemica] composition (lavas tliat contain trmch iron oxide as do 
these being very fnsible and liquid), and partly because of the 
size of the vent. Halcmaumau and the reservoir of liquid lava 
licto w may thus be likened to that delectable product of a van* 
islied and more sauc and civilLztrd age, befure the ciiactmeiit of 
the i8th Amentlment, a bottle of beer or champagne, the pit, 
which we have looked at with such interest and' admiration. 
being the neck with the cork withdrawn* and the reservoir below, 
nf unknovvn dimensions, corrcsponding to the bottle, 

The gases that are present in lavas or’in the magma are 
very varicd. The most abundant is water vapor, which is almos: 
always present in by far tbc greatest amount, and which forms 
tlie bulk of the enormous clouds that arise from volcanoes in 
activity, often to the height of several miles, Among other gases 
present may bc mentioned liydrogen. hytlrochloric acid. sulphur 
vapor, sulphur dioxide and trsoxide, and carbonic acid, with 
smaller quantities of otliers, 

Kilanea, ard cspecially the pit of Halemaumau, has a classic 
,1111! prominent piare in tlie annals of volratiologv, hera nue of the 
comparati vcly rpiict emission of gas from the lava, and the ease 
of approach to the points of their emission, thus renderiug tlie 
rollection of the gases rather easy, as compared with many other 
voleanoes, thongh it is stili a inatter not to be umlertaken too 
lightly. About 1911 Brtin, a Swiss amateur student of volcatioes. 
propomiderl the thenry that the clouds above active volcanoes, 
and the gnses emitted from the lavas, did not consist large.y of 
nater, as was geuerally thought—indeed he rtenied the presence 
in tliem nf water derived from the magma, holding that anv 
nater that inigbt bc present was due to infiltration or percolation 
from the surface, lti spite of its manifest improbability and 
emit radiet ion of tlie mimerotis observations of many life-long 
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students of volcanoes all over the world. this hypothesis of an 
untrained man met, not with gencral dissent, hut with a very 
favorable reception, possibly becatise of its essentiali)' novel and 
improbable nature* The world in general, like the ancient *\then- 
ians, craves the novel and the startling. He held that the clouds 
consisted, in great part, of salts, especially of ammonia, soda, ete„ 
or of sulphur trioxide and sulphur. 

In 1912 Dr, Day, Director of the Geophysical Laboratory in 
Washington, became interested in the matter, and he and Dr. 
Shepherd, of the Laboratory, came out here to study the prob- 
lem on the spot. After spending many nionths with Dr. Jaggar 
sitting on the edge of the pit, a favorable occa sion presented 
itself, and Dr. Shepherd was able to collect in glass tubes sam- 
ples of gas from the lavas uncontaminated, so far as was 
humanly possible, by air and which were thus practically vmoxi- 
dized, (As you know, hydrogen, which is one of the gases in 
lavas, is oxidized to water, so that this possibte source of water 
had to be eliminated.) Dr. Shepherd collected the gases in his 
tubes, brought them back to Washington for analysis, and found 
in the tubes very considerable quantities of condensed liquid 
water which, so far as it is possible to ensure in such a difficult 
bit of collecting work, was there as an original co-rustituent of the 
magma, and coukl not be catised by oxidation of any hydrogen 
in the lava, or derived from rain water. Bruids theory was thus 
made doubtful, and these cIassie experiments, among the most 
important in the science of volcanology, have firtnly estahlished 
the formerly uuiversally accepted fact that water is present in 
the magma, and is one of the most abundant constituents of 
volcanic clouds. There were also sccondary pieces of evidence, 
tnto which we cannot enter here, The gases of Kilauea are now 
being collected by Dr. Jaggar from time to time, as opportunity 
presents itself, and are being analyzed by Dr. Shepherd, so that 
it is prohable that this volcano on which we stanrl will for long 
keep up its reputation as, with Vesuvius and Et na, one of the 
most important and instructi ve volcanoes in the world. 

I have Ia id stress on the gases in lavas, partly bccausc thev 
ha ve beert best studicd at Kilauea, and partly bccausc. largely 
through the studies of Day, Shepherd, and Ferguson at the 
Geophysical Laboratory, it is being recognized that it is higlily 
probable that volcanic heat, and hence volcanic activity, is partly 
or very largely catised hy the iti terreaetions of the magmatic 


Digitized by LjOi-Qle 


Original frem 

HARVARD UNIVERSITY 



366 


Pan-Pacific Scientific Conference 


gases. We cannoi go inio ihis maiter here, and I may onlv say 
that. as you know, ncarlv all Chemical reactions produce heai, 
arui, as the varied gases i:i lavas are capable of reaeting among 
eadi other, coiubiiiiug and rcojmbiuiiig aueuidmg Lo the chaiigc^ 
in pressure and temperature as the lava ascends tlie throat of the 
Volcatio the lava colunin is kept hot. This very interesting scien¬ 
ti fic questiun, one of great importance in ilie studv of volcanoes. 
can be tested iri some of its aspccts by borings around and on 
the flanks of volcartoes, and, as you have probably heard. there i> 
goort reason to hope that, tlirough the liberality and scteiuific 
spirit of a tew individuals and organizations, it will probably 1 k 
possible to begin suclr borings at Kilauea before long, so as to 
get soine idea of the heat gradients and other conditions at an 
active volcano. The matter of the possibility of titilizing the 
heat energy of Kilauea can also be tested. 

The next and concluding part of my brief talk I approach 
with diffidence. hecause it is & subject in rcgard io which we 
know little positi vely. and of which our so-called knovvledge is 
largely gticss-uork, I refer to wliat lies beneath the volcano. 
Where do ihc lavas come from, from lx>w far dowti, hovr dM 
tltey originale, whaf makes them come up, what makes tltein bot? 
and other stich siibterranean matters which forni the gist of the 
questious with which tourists cttdeavor to make our friend jag 
gar'* lite a liappy one. 

Witbmit entering into discus sion of the dim and far dis- 
tant past when the solar system and the earth itself were sup¬ 
po sed to be tiebulous masses gradually consolidatmg and develop- 
ing heat, \ve are led tn believe. as I have said before. that the 
interior of thc earth is very hot; that is, probably so hot that 
the rocks would hc mclted if the> wore at such temperatures on 
the surface, especially as tliev contain gases* which lower their 
fnsinn points. On the other hand we know that the earth is 
sol id. or practicallv so, thrmighout—certainly toward the surface, 
and we have reason s fur tliinking that volcanoes do not originate 
at great depths—tliat is, that their foci lie at depths of aboitt, 
say. from 20 to 50 mites or sn. In other words, they are merdv 
surface or near-surface phenomena, as I have said, 

The earth. being not a huge globe of ‘ liquid fire" covered 
hv a tliin sol id crust, bnt solid as a whole, wc may postulate as 
an origin of volcanic lavas one of two alternatives, The lava* 
either originate from comparatively stnall (though. humanly 
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speaking, large) patefies, or masses, the so-called ‘'reservoirs," 
of re si du ai liquid matter left over in the mass of the earth, but 
not very f&T from the surface, and of such small size relative to 
the earth, and so scattered, that they do not affect appreciably 
the pro pagat i on of earthquake waves; or they come into being 
because the interior rocks, although hot enough to melt if they 
were at the surface, are under such pressure that they are kept 
solid, btit melt on relief of pressure. We know from experi- 
ment that the mi ne ra Is of which rocks are composed act in this 
way, and this suppositiori as to the origin of volcanoes harmo- 
nizes with the observation that many, if not most, volcanoes are 
found arrange<i along lines, which are littes of weakness or 
fracture in the earth’s crust, thus giving relief of pressure and 
permittmg the hot rocks to melt. The Hawaiian islands are an 
ex ample of this; the volcanoes start from Kauai on the north- 
west, or from even beyotid this, and run southeasterly to the 
extreme island of Hawait, on which are the only volcanoes of 
the group that are active at the present day. The volcanic 
activity seems to have died out gradually along this line, in the 
direction mentioned, and such progression and successive cessa* 
tion of activity is found in other volcanic regions, as along the 
line of volcanoes parallel to the west coast of Italy, the end 
volcano, Vesuvius, being the only present active one. (Etna 
does not belong along this line.) 

There is another interesting feature of the structure of the 
earth, to the knowledge of which volcanoes contribute much of 
our Information, and which is of spedal interest here bccause the 
mode of fomation of the Pacific basin is involved. It is known 
to sttidents of rocks that the lavas, the portions of the magma 
below which have reached the surface, as well as the more 
deep-seated igneous rocks. such as granites, which solidified at 
more or less great depth, vary very much in Chemical and min- 
cral compo^ition. Without going imo details, 1 may say that it 
has recently been found that the densities of rocks may be cal- 
culated from their Chemical compositions, and bv studying very 
many Chemical analyses of igneous rocks from ali over the 
globe, we are able to calculate the average densities of the conti- 
nents, of the floors of the ocean basin s, and of many of the 
countries, or rather of the masses of rock that compose thenu 
When we correlate thcse average Continental and other densities 
witli the average elevations above sea level. the retuarkablc 
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resuit shows dearly that the highest niasses of the earth are 
made up on the whole of the lightest rocks, while the deepest 
parts are underlaid by the heaviest rocks. There is a definite 
and direct relation between the densities and the elevations. 
Thus, the average density of the rocks of the crust is 2.77 and 
the average elevation of the whole earth’s surface is about 2200 
feet above sea level. Asia, the highest Continental mass, has an 
average elevation of about 3200 feet, and the rocks that com- 
pose it have an average density of 2.72; the corresponding 
figures for the United States are 2500 feet and 275, for 
Europe 940 feet and 275, for Australia 800 feet and 279. YYc 
can get our only idea of the materia ls that coinpose the oceank' 
floors by studying the lavas that have been or are being poured 
out by the volcanoes on oceanic islands, such as those of the 
Hawaiian islands. We find that, as a whole, they are very 
heavy, much heavier than those of Continental volcanoes and 
igneous rock masses. Thus the Atlantic floor has an average 
depth of 12,800 feet below sea level and the average density of 
its rocks is about 3.05, while the Pacific has an average depth of 
15,400 and its rocks have an average density of about 3. IO. 
This is a broad topic itito the discussion of which we cannot 
enter here, but it has a direct bearing on the so-called theory 
of isostasy, that the portions of the earth\s crust are in a bal- 
anced condition, the lighter parts tenditig to rise and the heavier 
to sink: in other words the high Continental masses are not kept 
up by the principle of the arch, but by that of fiotation. Dr 
Bowie has done very much to advance this theory. 
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EARTHQUAKE ZONES OF THE PACIFIC 
Lv Fi/sakichi Omori 
INTRODUCTION 

An earthquake is caused when the stress in a given portion 
of the eartITs crust reaches a limit and giyes rise to the produc- 
tion of a sudden undcrgroimd disiocation, crack, compression, 
elevation, depressiori, etc*; a large seismic disturbante bcing 
ecjLii valent to the removal of an extensive unstable geophysieal 
coudition. Naturally there are non-seismic and seismic areas, 
and broadly speaking, the regions about the Arctic, namely, the 
northern parts of Russia, Siberia, and Canada, are subject to 
Icast seismic visitatbns, while the margin of the Pacific ocean 
fornis the most active earthquake zorie of the earth. 

PACIFIC COAST 

In South America there stands the great moimtain range of 
the Andes right along the Pacific coast, while the sea off the 
latter reaches the depth of over 7,000 met res. The steepness of 
the starface gradient, which must favor the occurrence of earth- 
quakes, exists also along the Pacific coasts of North America, 
the Aleutiati islands, and of the Japanese islands. The two 
latter series of islands furnish, together with Sumatra-Java and 
the Himalayas, great well-defined pcripheral ares, with concavity 
turned toward the continent of Asia, the steeper or deeper 
region being always on the convex side. The arcual form in 
question may l>e supposed to be the restilt of a horizonta! 
pressure applied from the inner, or concave, side, The genesis 
of this marginal action may be attributable to the possibte sink- 
ing down of the great continenta! mass, which perhaps has 
already passed the limit of elevation and has entered tipon the 
stage of settlement. Thus, in the ares under considerat ion. the 
concave and the convex sides are to be regarded as areas of 
compressioni and of tension respectively„ The convex. or ten- 
sion, side forms in each case the principal seismic region; while 
the concave, or compression, side is essentially the volcanic 
region. This fact is well indicated in the Aleutian, Japan, and 
Sumatra-Java ares, which abound in volcanoes and which are 
frequently shaken hv great submarine earthquake* originating 
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off the convex side. The distribution of volcanoes and seismic 
centers in Italy furnishes another example of the illustration of 
the sarti e principle. 

frequently shaken by great submarine earthquakes originating 
VOLCANIC AND SE1SMIC DISTR1CTS 

The Japan and pther arc systems as well as the whole bor- 
der of the Pacific may be regarded each as forming a volcanic 
chain or an earthquake district. Here e it is natural that in an 
epocli of activity great volcanic or seismic disturbances should 
happeti in succession from different parts of such an arc as the 
resuit of the accu mulation of the iitiderground stress affecting 
the whole system. Thus, in Japan the volcanoes of Oshima, 
Sakura-jima, and Asama made tremendous outbursts in the 
years 1777, 1779 and 1783 respectively. After about 130 years, 
the same three volcanoes made again great convulsions between 
the years 1909 and 1914, atthough Sakura-jima is in Kyushu 
and widely separated from the two other mountains belonging 
to the Fuji volcanic zone. Between these two remarkable periods 
of the volcanic activity the epoch of 1853-1859 was one of an 
extraordinary seismic activity, there being no less than twelve 
destructive earthquakes in different parts of Japan; amongst 
others, the two great shocks off the Southern and southwestern 
coasts of Japan on Dec. 23 and 24. 1854, produced tsunami or 
tidal waves, which crossed the Pacific and wcre recorded on the 
tide gauges at Sati Francisco, San Diego and Astoria. 

1'ACIFIC EARTHQUAKE ZONE 

Great destructive earthquakes do not take place in any dis- 
trict at random, but origitiate along certain weak lines in the 
carth’s crust which may be termed earthquake zones. From 
figure 1, which indicates the distribution of the origins of the 
more prominent aniottg the extensive non-volcanic earthquakes 
since 1897, it will be ohserved that the flat suboceamc regions of 
the north and southeast Pacific are seismieally very quiet, while 
the most active earthquake zone runs off or along the coasts of 
South and North America and of the Aleutian and Japan ares. 
In the southwestern parr of the Pacific, several remarkable deep 
loca! basins are found off the arc formed by the islands of New 
Guinea, New Caledonia, and New Zealand, it being exactly there 
that great earthquakes originale, Taking the latter arc as 
denoting the real Southwest boundary of the great ocean, we 
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may say that the margis of the Pacific fornis the greatest earth¬ 
quake zone in the world. To the west it is prolongcd to the 
outer base of the Himalayas, and, through Turkestan and Cati* 
casus, to the northern coast of the Mediterraneam Large 
Pacific earthquakes areoften accompanied by destructive tsunami 

EARTHQUAKE OCCURRENCE 

Creat earthquakes» which remove au over-sirained condi* 
tion in the earth's crust and which originatc near the surfacc, 
occur at different parts of a seismic zone at different times, not 
repeating from one and the same point. Thus, the Japan earth- 
quake on Dec, 23. 1854, took place off the coast of Tokaido, 
while the equally extensive shock on the next day originated 
from the same earthquake zone, but 200 miles to the west, off 
the coast of Xankaido. Again, the series of the great earth¬ 
quake*: (1) off the Southwest coast of Alaska in 1899; (2) 
the Mexico and Central America earthquakes in 1900 and 1902; 
and (3) the Panama» Colombia atid Equador earthquake on 
Jan. i, 1906; had to be regarded, not as independent uncon- 
nccted events, but as the resuit* of the stress accumulation at 
different parts of the seismic zone along the Pacific coast of 
Xorth and South America. Thus the tum was to come next to 
some place betvveen (n 011 the north and (2) and (3) on the 
south, somewhere along the coast of the United States, ThU 
expectation was fulfilled in the San Franci sco disaster on April 
18. 1906. My further prediction that the next great shock 
woukl prohahly occur at the Southern prolongation of the active 
part of the zone hi question. to the South of the equator, was 
verified in the Yalparaiso earthquake 011 Aug. 16, 1906. It is 
remarkable that this had heert preceded hy otily half an hour by 
another great subtnarine distnrbance to the south of the Aleutian 
are, The almosi sitmdtanoous occurrences of two great shocks 
from the two extremities of the American branch of the Pacific 
seismic zone, at a mutnal distance of some 10.000 miles, prove 
the existeiice of the zone itself. There are other cases in which 
great seismic disturhances occurred witliin a few years from 
opposite extremities of an earthquake zone. Thus, the 1897 
Assam-Pengal and tlie 1905 Kangra (Punjah) earthquakes 
occurret! nearlv 1.000 mites apart at the external liase of the 
Ilitnalavan arc respecti vel y near the eastern and the Western 
enfls, Again, the Messinn earthquake of 1908 and the Avezzmio 
earthquake of 1915 originated ulmiit 400 miles apart respecl* 
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ively near the south and the nortli etuls of the Central and south 
ltaly carthquake zone, The occurrente of the Swatow earth- 
qtiakc on Fcb. 13, 1918. is inter est ing, as the Himalaya-Medi- 
terranean seismic zone had been assumet! to bc continuous with 
the Amenca-Japan zone througfh the Southern maritime provinces 
of Ohina, although these had 110 rccord of previotis destructive 
shocks. 

EARTHQUAKE PREMCT10N 

Studies 011 the time and spaee distributum of earthquakes 
and volcanic ertiptions havc thrown some light 011 the problem 
of the prediction of these events. Espectally considerat ion s 
respecting seismic zoncs jgive us in some favorablc cases hints 
as to the probable locality of occtirrence of future great tectonic 
earthquakes. The popular idea of repetition of destructive 
shocks successively at one and the sanie poitit is a great fallacy: 
a place seismicalty most dangerous being such as belongs to a 
powcrful seismic zone. which has not yet, at least in historical 
times, been shaken by a destructive earthquake originating right 
under it or very close to it. An important task for the practical 
seismologist in an eafthquake cotmtry is to make a thorongh 
study of the location and history of the seismic zones, to infer 
the intensity of motion in future earthquakes likclv to affect a 
given di striet, and suggest proper tnethods to be followed in 
arcbitectural and civil engineering structores, The mitigation of 
the destructive consequentes of earthquakes ean be very mate- 
rially effected by the adoption of even a slight amount of earth- 
quake-proof measures. In Japan it is no rare tliing for some 
peasants' cottages to remain standing even in the epicentral dis- 
tricts of tremendous eartliquakes, as was the case in the Neo- 
Valley during the Mino-Owari earthquake of 1891. 

RELATION HETWEEN F.ARTHylMK F. ASl) VOLCANO 

Volcances and the centers of large tectonic earthquakes 
sliow distinet space distributions. (See figs. 2 and 3,} A vol* 
cano, whether active, domiant, or dead. may often bccotne the 
center of numerous volcanic earthquakes. These are generallv 
local and weak, and, even when strongest, belong to the cate- 
gory of what may be termed a small destructive shock, namely. 
one causing such damage as the fracture of brick chimneys, col¬ 
lapse of stone houses, loosening and breaking of cast iron water- 
ivork pipes, etc. A volcanic district may l>e assumed U> be free 
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Fjcckiv 2. Mr L p c-f japati showing ihe distributiori of the active and 
domum t vociinocs indicuicd by hl;itk dota. A A, Concave (compressi 031 ) 
side volciitiic di>trict: C. Fuji volcanic zot\t; B, Kyushu and Lyukyii voF 
eanic zo ne ; F. Iiorizonial foree wtiich produced the actual fomi °f 
Japanese idands. 
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Ficu st j. Map of Japan showing ihe principal earhqiiakc zones. 
I, L The principal ot cctivcst sicle carthquakL! zonc; II, II. w calcer and 
concave side cnrtliquakc zotie; h K i, j. earthqu&ke zories in Central Japan; 
k. Shinancgawa Valley eanhqmke zone. 


Digitized by Googlt* 


0 riQi nR I fmm 

HARVARD UNIVERSm 



376 


Pan-Pacific ScrKNTiPic Cunference 


from the vi si tat ion of a great destructive earthquake, nainely. 
one whose area is extensive and whose mtcnsity of motion is 
sufficient to destroy properly eonstructcd wooden or iron build- 
ings. Houses built of very bad building materials, whose ten- 
sile strcngth is practically aero, ha ve no earthquake-proof capac- 
ity, and will be wholly crushed down or scattered abotit at otice 
simultaneously with the eommencement of the strong motion 
portion of the earthquake. These may, of course» be destroved 
even by volcanic earthquakes of the severer intensitv. 

HAWAUAN ISLANTDS 

The Hawaiian islands are not likely to be visited by such 
great seismic convulsio-ns as take place along the tYiargin of the 
Pacific. The stronger iocal shocks will, however, prove destruct¬ 
ive to batlly built structures of stone or brick. Consequently it 
is absolntely necessary that houses in the Hawaiian islands 
shottld be built with certain proper earthquake-proof precautitxis. 

DISCUSSION 

M». Andrews: May the destructive effeci of Iocal earthquake 5 and 
large ones be deady disimguishecl ? 

Mjl GmOri : Destructive shocks of small Iocal nature whose iuteii- 
rity of motion is not so high as in noft-local enrthquakcs of large magni¬ 
tudo may he repeated from neighboring point$ r In Jamaka, the earth¬ 
quake was local and small in maguitude. A very strong earthquake 
always i* followcd by a great many smaller or sccondary ones. which 
are catled after-shocks. Of materials for construet ion stone is not good. 
brick is better, brick with Steel fram^s {like some ^ky-sci-apers" in the 
eastem United States) is stili hetter, and Steel concrete is the best of alk 
In Japan a great many wootleti houses, even at the center of earthquake 
disurbances K will stand. 

Mu, Smitii : On on*e occa sion in the FhiLippine islands three vol- 
eanoes wcre active at the same time. Tlie best building materia! for a 
native house in the Philippincs is bamboo tied togelher with rattan^ A 
good kincj of stone is used in Manibi that cuU like cheese and hafdertS 
in the air. An egg-shaped housc that will move on its foundation lias 
bcen suggested. A reference book on the subject of earthquakes men- 
ttons Qregon as “a seismic hiatus." This is wholly inaccuratc. 

Mu. Rowie. We wanr elementary textbooks written by the great 
meo of Science. Professor Omori shoukl write an dementary textbook 
on seismology for schools, 

Mr. WASHi^nTON: In 1914, at Messina 1 found the town being 
rebuilt of lighl reinforccd concrete along the lines suggested by Profes¬ 
sor OmorL An Jtaliati cngincer and l examined two villages on the 
South slope of Aetna damaged by an earthquake in May, 1914, We found 
that destmetion was duc chiefly to two fauhs of construet ion : the house 
walls were batlly built of rough rubble stone and poor moriar: but the 
chief fauLt was that the heavy timbers of the upper fioor and the roof 
were lei into ihe walls only about an tneh, so they pulle d out easily; 
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ako the roof* are eovercd by htJivy tHes. Loss of Jife and definiet ion of 
buildings in Jralian earthquakes is moslly cau^ed by sueh fnulty 
construclion. 

Mr. ]agCt ah: There is an ex per i menta l attenipt by legidation to ere- 
nte [i huilding law that will meet the emergcncy. Arthur Rerscheh Gov¬ 
ernment engineer, carried out the earthquakq law of J007 in Jiitmka, 
The City of Kiugston is rebuilt of ferro-concretc. In regard to volcanic 
earthquakes, they are not commonlv very severe, but may. not great 
tectonic earthquakes he in snme sense magmatic? The tectonic lines 
fotlow the American Pacific coast and thenec to Asia around the sca. 
In tine occan the greatest tlceps are along similar Imos and we krtow very 
little aboiu thetn_ Out in the occan south of Kilanea, Mr. Woixi says. 
fiecurred tlie great earthqusike of 1868. We do not know whether there 
is a line of active volcanocs along the great deeps, and volcanoes an the 
deeps would prohahly produce little sensiblq cff-ecL I am stmngty 
inclincd 4 o the view that the drop from high level in Halematimau in 
iqii was duc 10 draina^e prohahly out to sca at the south + OccasionaHy 
pumice is found floating around in the sca. Peoplt have sqcn seu watqr 
ricar Hawaii hoit and pumice ftoating. The Alika flnw made a fcw ticlal 
vvaves. What was happetiing under the sqa? UsuaJIy there is no clue. 
So there may be a trlose rclal sonchi p between flexuros and deep magmatie 
openings on Hawaii probably underground 

Mr. J. S. Emerson : Did the old pumice on Hawaii prohabLy come 
from sulnmarimr vokanoes? 

Mr. Jaggari A great deal of the pumice on the surfaee in Hawaii 
is found around the base of ash scctiotis, probahly pjected from conos 
similar t« those recetitly active on Manna Lon. Pismice from tho sea is 
from similar eruptions nudor the oceaai. 

Mr. Washington: U sueh pumice from subruarine eruptions. he cnl- 
lectod and studied, it might yicld valuablr Information. 

Mr. VaUGHaN: On Dr, QmorPs maps which show the earthqnake 
zones around the Pacific, shmtld not the line be drawn through Cul*a 
and through northern South America to make an analogy with the carth* 
quake regions in the same latitudes on the west of the Pacific. Here we 
have tectonic feature-i, The carthquakes are ohviously associatcd with 
great fatilt lines. The greotest decp is 30 to 40 -milej north of Porto 
Rico, South of the south shore of Cuba the depth is 3.000 Pithoni^. 
Near Santa Cruz the clepth is very great. So ihere is dose assodation 
of tectonic clevations with oceanic detps. The same relatiouship is 
showti a 3 so in Tonga,. 

Mr LimiCHAGES: Evidencc of volcanic actmty exist in the region 
of the Tongan islands near wnich the occan floor is 5 - ! 5 S fathortts deep. 
Volqanic concs have given evidence of their growth in regions where 
depths arq greal Srnoke and gases have hceti found by passing naviga* 
tors to is-sue from the sttrfacc of the ^qa at poims where years after- 
wards there might be an emergence of the volcanic niass. In the South 
Sea ishnds, much volcanic actiyity has been notcd, and* 110 doubt. there 
arq other regions wherc submarine volcanic activity has taken phice. 
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“REGIONAL” VERSUS “WORLD'' SEISMOLOGY IM 
RELATION TO THE PACIFIC BASIN 

By H. O, Wood 

(StefHjgraphic rcport revised and expanded by the author.) 

* introduction 

The purpose of this Conference is to constder ways and 
means for the ad van cernent of Science especially in matters affect- 
ing the basin of the Pacific Ocean broadly interpreted. 

In such a program of research, seismology should have a 
great part to play, For, as is well known, nearly aLl the belt of 
lancis which form the margin of the Pacific exhibit pronounced 
seismic and volcanic activity. IndeCtl, its nickname, ff the fire 
girdle of the Pacific,” visualizes this border zone vividly. Besides 
its volcanic activity, innumerablc earthquakcs, great and small, 
have originated in this marginat belt of sea-coast and islands, 
mountains and troughs. Also numcrous tracts of seismic activ¬ 
ity are located inside the basin of the Pacific, as in Fiji, Satnoa, 
and Hawaii, 

Here, then, is a most fertile field for seismologic investiga- 
tion. What are the chief problems which beckoti, and what 
needs most to be done? 

THE RROAD DIVISIOX OF SEISMOLOGY 

Two chief aspects of seismological science need to be clearly 
distinguished: on the one band, the instrumental and physical 
study of great carthquakes in relation to the earth as a whole, 
hologeoidal (geoidal) or “world” seismology; and, on the other, 
the intensive study by various gcological, physical, and other 
methods of all carthquakes in a restricted seismic province, mero- 
geoidal or "regional” seismology. While the teruiSj hologeoidal 
and mcrogcoidal, have merit and deserve adoption they are new, 
here used publicly for the first time, and on this occasion the 
less satisfactory prefixes, “world” and “regional” probably will 
be more easily grasped and understood. 

The chief work of hologeoidal or "world" seismology has 
been the mensurable instrumental registration of strong or world- 
shaking earthquakes, together with other earth vibrations or 
earth distortions of world-wide occurrence or non-provincial 
character. It seeks to advance knowledge (i) concerning the 
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radiation of seismic energy through the earth and the trans- 
formatious which this undergoes, the bearing of these transfor- 
matiotis upon the interior condit ion and constitution of the earth 
{its elasticity and density, and their variations), its state and 
history of strain, and the characteristics of seismic wave-motion 
in it; and (2) in the discovery and delimitaton of provinces of 
high seismicity (which are regions of overstrain), espceially in 
remote areas, and under seas. The geographic d i st ri but ion of 
these, their degree of activity and its frequency, and their rela- 
tionships to structura! geology on the grand scale is of high 
importance in geotectonic geology, but all this has also an 
important seismologic aspect per se. 

The student of “world” seismology, therefore, is keenly 
interested in the domain of the Pacific because here is the source 
of a great part of a)! his fundamenta! informati00, whether of 
instrumenta! or other kinds. But his interest in this is not pri- 
marily geographic. Usttally he is not interested in the seismo- 
logica! ptoblems of the Pacific as such. 

He recognizcs, of course, that this great zone of lands 
bordering the ocean is a complex of “regions” or provinces some 
of which overlap geographica! ly, though distinguishahlc from 
each other in their time-cycles of activity. He sees, too, that 
there are hiatuses in the zone, as in Panama, where no earth- 
quakes of conscquence have occurred m three hundred years. 
and in the region about Puget Sound where shocks of any sort 
have been rare since we have ktiown it. (These hiatuses may 
not be real, but only apparent. Our historical accounts of 
Panama, and other districta, COver only a short duration. Some 
shocks have occurred in both these provinces. Therefore these 
may be dormant areas only.) But, bowever this may be, and 
though, in fact, the Pacific zone is a complex of distinguishable 
provinces, the student of “world” seismology is interested in it 
chiefiy as a wbole, as a major geotectonic feature of great sig- 
nificance in a consideration of the framework of the earth and 
as the source of gTeat disturbances whose vibratory phenomena 
enable him to probe into the coudilions which prevail deep w it hin 
the earth, 

In this connection, just in passiaig, a brief statement may be marle 
for the benelit of the technical students presenl, touehing retem work by 
Aclams and Williiamson of the GeopliysicaJ Laboratory of the Carncgic 
Jnsthmion of Washington. It will he recallcd, that a group of German 
seismotogists. ceotering around Wiechert, some years since reached the 
conclusion that the interior of the earth could be divided into scveral 
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cnncciitric shcll h pi^sissini; different ctu-Aicivoi* nf eln*hcity ^nd dtintity, 
uml tlmL il usu sIil' 11 ^ muM 1 c ihMiiiijiiixhril i -uSin 1 1h11 |_jI_v- AtUitn* .imi 
WilEi.imsnn ha ve reeently rcvitivrd ihis wutk and luive shmvn rh-it. ii 
the dctemiiiKitions nf ihc sirrival times nf the ehiof wave pe- 

viouslv iitilizvd wm 1 m vrrur ih* muru ih:in iwo or ihrt:^ ^eoink (an 
ainoimi very flesse tn tlie likely error in measmemctit on tsnliti^ry ^rU- 
moprrins. to say nailikig of severa! uthc?r prohable source* <ff ermr, >ue]i 
as cltick error. parsdlax errer, instrumenta] lajr. atid the Hk*>, a c.im 
wkirh shows no cus(>* can \k drawri co repicseni tiic variat bn in das- 
tkity .111 d drn^ity LU™-mv;ird» towfird the ccntcr of the earth. Puth -i 
curve is mnre prohabU 1 it priori thart that clrawii hy the Wiochcrt scindi. 
an>E h appears |n bt the preseut facis of nieasuremont quite as wdl. 
Tl:ts afFnrd* n pietur? u + hich tine* tiot e:d 1 fer sharply di^tinquiisfici! 
eartli-slieils rjf nurketilv different pliysieal properties. 

This wnrk of Ailrum and Williainsiiri tinus not affvei tht Inputltesh 
ihat tlierr is a wtfik 1aye: at small deptli postulated in the (icnln^ic phi 
]iisr>pl i/inir nf recenl years mcl strongty sustairied hy ijendelic amlins- 
aiuI kiy ree ii H stipmomcirii: liitdiincs too. nor ih? interpretati m that 
tin 1 Central core nf The tartli* for a litile kss than half of its r^lbs 
is m a *ialc whtch fines not transiliit transverse wavo-inntkm reailily. 
Tliis kittpr ivnuiim ntir ni I Ii e pur/lintf liiulinyis iti physiral seismnl- 
t >jry. Tliese workers ha ve simply elini inated tlie Tequirencm rf sim ni 
transilifnis in density and tlastieity fruns une dtrplli slu-ll tu aurltiv* 
immcdiately subjacent. 

Ta return id tlre subjeci. For the Tequirements of linio- 
jjeoiirUI or “uorld" seismology in relatiou to the Pacific wh^t 
appears to be nwtlefl for the triangfulation of great eartliqiiakc 
oK^ins situatctl alniut its margin is a sufficient tiximber of a<le- 
tjuately tMjuipped stations situated in the Continental areas and 
bAL'k from ihe circum-Pacific Coastal zone. Preferablv the^e 
st;, tinus sfiouhl ha ve like equipment, and be tliorouglily codnli- 
natoil. It sliould he recognized that stations kicated in the 
activi seismic anne, or inside tfie oceati hasin. are not well placed 
in gencral, for ihis work of triangtilation. 

I?nt tlicrc are ^tlicr rea solis why sucli statione ari* ti«eful. 
f loneluh.i. for exanijjle, tliough tiot a good site for Service in ilic 
triattiMilation netaurk. is au mimi rabie place for a stat ion of tfie 
first class for tbe study of seismic wave spccds in various stib- 
occanic lirectbns, for ilie study of microscisms, carih-tidcs. and 
niiiny similar snrts of ftnidameiital researcli iu holo^coidat 
physieal seismolngy. As vve sball see, it is a gocxl place also for 
the confluet i>f cermin “reg^oiia]'' studies. 

Uefore Iraving tbc "ivorlcl'* aspert of seisrnologj' rcfercnce 
nitist bc made to the status of relationsliip between great eartli’ 
qttakes and volcanic activitv. For tliis has bcen touchc<! 011 
hxtsely severa 1 times in ollier meetiugs of this Conference. 
Kcgardless of earlier prevailing views, and regardless of coinci- 
ilentes liowcver plaustble, otie of the few tbings that can tie 
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stateri authoritatively is this: ali preseut knowledge arui evidence 
strongly indicatos that there is usually no immediate, or defi¬ 
nite, causa! relatiomhip betweeii tliese pheiiomena. Furtlier, 
there ap|jears to be no immediate connectio» between great 
enrthquakes of nearly eontemporaneous occurrertce in paris of 
the world far sepa ral eri from each other. And it is even proh- 
ablc that maiiy so-callcd '‘volcanic” earthquakes are riue to urdi- 
nary non-volcaitic causes. Hui at the sanie time. despite this 
sweeping denial of any immediate causa! connection, evidence 
accumulates and ihc suggcstion grows in forte that the re is sonie 
ultimate fiinriamental causal connection lietween seismic and vol- 
cante action. and, too, betweeti eontemporaneous great shocks at 
points far remote from each other. Merely to illustrate, these 
phenomena may be commoti, thotigh immediatoly different, 
responses to earth-strain. relievcd, sav. Mi bv viscous creep auri 
ftoiv. stopping and eruption in some cases: (2} by elastic strain, 
fracture and fauUing in other cases : and (3) in stili others by a 
Com innat ion of these meehanlsms, The latter sort may after ali 
prove the more nunierous. but this cannot he said to be the 
present indication, Coii siderali 011 of these fimdamental relatinos 
is one of the most fascinati ng occupati ons in geophysical science. 

TUE 1'ACIFIC ASPGCT OF *'RKGIONAL” SKlSMOUXtY 

As inetititined earlier, the great Pacific seismic zone is made 
up of distingui shable regions, fielris. or tracts, Any attempt to 
break np such a zone into its component paris finds eertain of 
them ovcrlapping each other, and these are tben riistinguishablc 
in tlie overlapping parts only m respect to their time-cyde of 
activity. For example. m one sudi tracl strain is aecum nlated 
imtil finallv it is relieved by a fault -slip. Later simi lar action 
oecurs in a neiglihoring tracf. A eertain arca is afTccteri suc¬ 
cessi vely by boitt strains. It is commoti lo hoth tracis, This is 
even more strikingly true wlien we cousidcr tbc areas sliakeu 
instcari of Iliose severely strain eri. Vet the tracts are geographi- 
cally distinet. And thev uiav be whnllv nnrelated rivnamicallv ; 
that is. the strain in one tracl may be riue to immediate causes 
quite distinet from tbose operating in tlic odicr. Such elose 
association of seismic ree ion s, witli overlappmg in tnanv in- 
stances. is founri in Italy. in Japnii, in California, and elsewlicre. 
But the regi011 s or provinces are disiinci, nevertheless. and lxriiave 
for a time as units. even tliough ihey may 1101 in ali cases be 
delimited sharply. ll is ihe intensi ve and systema t i •: sturiy of all 
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shocks in sudi limitet! regions, or groups of regions cbsely 
associat ed, seismic provinces, which constitutes "regional" or 
merogeoidal seismology, 

The "regional'’ study of earthqnakes comprises two pro- 
grarns, A and of which A is ordinarily much subordinate to 
B in actual importance, though at crises the predomiuant 
program. 

A, The in vestigat ion of great earthqnakes in the region of 

thcir occurrence: {I > froin the strictly scientific; and (2) froin 

the practical poitit-of-view. These, of course, are iitextricably 
intertwincd. 

1. On the scientific side, observatiou of the phenometia in 
reladoti to the structura! and teetonic geology of the region. and 
its bearing 011 geological dynamics in the pro vince, as well as in 
the geoid, is required. This involves the examination of perma¬ 
nent effects in soil and rock and in structura! works, and transi- 
tory effects also when this is possible, both of primary and sec- 
ondary character, such as shearing rifts on the one haud, and 
disturbed natura) basins of vvatcr-logged alluvium oti the othcr. 
together vvith structura! characteri sttcs, 

2. On the economie and huma ni tari an side the investigation 
of damage is required, its causes, froni both the natural and the 
structura! point of vtew. and its geographica! distribqtion, all in 
reladon to the underlying geoiogic structure, and iti rdation to 
sttrface developmetits and their bearing on living conditions (as 
sites for buildings, routes for transportat ion or condiiits, and so 
forth), and the study of the probi em from the point-of-view of 
engineering Science, education, protecti ve legislation and In¬ 
surance, 

Really powerfnl earthqnakes oecur onlyat considerable inter- 
vals in a given provincc. Hencc the studies embraced under 
suh-program A nmst always 1 >e sporadic and occasional, and 
must comprise special inquiries limited in the first instance to a 
partial range of phenometia associated with particular shocks, 
Therefore. bcyond a genera) plan of attack, a suitable financial 
reserve. and a ready assembly of necessary tran sportable equip- 
ment. littlc preparation can be made for the work of this sub- 
program, Consequently, it must be held subordinate in import- 
ance to the work of the sub-program B. 

B. The systematic investigati011 of small earthqnakes, and 
related vihratnry motioti and distortions, in rdation to the prov- 
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inces in which tliey occur seems the most important program in 
regional seismology, or in scismological Science generally. Ry 
far the most emphasis must be placcd upon it here* 

This requires a conrinuous program of work and involves a 
variety of methods, some of routine character but ali with a 
definite investigatory and research aim. 

Besides its scientific aims, within the province and for the 
geoid. too, this work has important economic and humanitarian 
ends. 

In the first instatice, and chiefly. so far as methods are coti- 
cerned, such intcnsive study of small earthquakes, and similar 
strain phenomena, is related to the individual geologic and 
physiographic characteristics of the local province in which they 
are conducted ; and in detail they must he controlled by this* 
So procedure may differ somewhat in different pro vinces, and no 
general plan adapted to ali provinces can he outlined. Eveit in 
the matter of instrumental equiprnent different mechanisms are 
very likely desirable in different provinces. This work is pri- 
marily research and individua!, as distinet from standardiaed or 
routine attack is requisite. 

The immediate purpose of the study of earthquakes in 
restricted provinces is the discovery and location of regions of 
rapidly growing strain, or places where strain is already in a 
critica! state, in the rock crust: and the elucidation of the 
mechanisms and law r s of its gtowth and relief. This calls for 
three pians of attack. 

i. Mensu rabie instrumental regi st rat ion of e very shock, 
down to the very minutest ones. which occurs within the prov- 
ince is requircd in order to determine as well as possible: (a) the 
geographical locus of its epicenter: (a) its depth of hearth. and 
(c) the shape, size, attitude. atid the time-space mode of develop- 
ment of the causative origin, and whether or not a fracture or 
fault-slip. 

Furthermorc, the radiation of vibratory etiergy through the 
strata of the region and its transformat ion and ahsorption, as 
liearing upon the adjacent elasticities and struet ures, requires as 
ad equa te registration and analvsis as means allow. In this con- 
nection the determination of the spceds of radiation through 
superficial strata, and the registerable distances, in the case of 
shocks of small original energy constitute otie of the most 
important prohlems in regiotiai seistnology, for most origin s can 
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only he discovered by tlie instrumental method as the sbocks are 
ttsnally too weak to produce characteri Stic surface effects and 
many of them even are imperceptible to tlie human senses. 
Matly zOneS of origin have no ciear surface indications bf geO- 
logic character, and many are buried altogether. 

Since the sinaller sbocks do not transmit detectable amounts 
of energy to great distances, the registering statioris, to perform 
tlie Services required of them, must be spaced relatively closely, 
at intervals in a triangular uetwork not greater than TOO kilo- 
meters and preferably not greater than 50 kilometers, perhaps 
more closely stili. 

2, The spedalized study and survey, from the seismological 
point-of-view, of geological faults and highly contorted folds, 
and especially of the recognizable surface criteria of known 
active faults, with the applicati on of this knowledge in the search 
for others not yet known or delineated. 

The location of active faults and of certain neighboring 
conditions, such as basins of water-logged alluvium, is necessary 
to predetermitie places of speci ai danger. The practical im]*>rt- 
ance of this needs no emphasis. 

Obviously the instrumental findings must he correlated with 
tlie field studies: (a) to verify the present activity of recog- 
nized faults: (b) to discover localized overstrain, especially near 
its crisis, tipon segments of these faults: and (c) to discover. 
by the clustering, or spedalized distribution of epicenters, pre- 
viously uti discovered active faults and the places of overstrain 
along their courses, especially whcn these are buried faults. In 
ali this we are seeking to leam “the laws according to whieb 
faults grow.” 

The forecasting of (a) place atid (b) time of shocks, though 
not now rcalizable, is not a hopeless prospect. It is a most 
important purpose of such work in future. This was the sub- 
ject of an excellent papcr hv the late G, K. Gilbert 1 and it ba^ 
been toucheil upon in numerom other places* 

Since geological fault movements have been actually ob- 
served to occur greai enough to disturb the control-points in 
svstenis of primary and SeCOndary tnangulatksn, for practical 
reason.s. as well as more fundamenta) ones. precise gerxlctic 
ohservations are indica teri as part of the program of in vestigat ion* 

AII this must lead to eritical experimentation, the course and 
goal of which cannot be foreseen wholly. 

1 Gilbert, O, K.. Earihquakc Forrcssts ; Science, Jan. 22 , iqog. 


Digitized by Goo 


Qriginal from 

HARVARD UNIVERSiTY 



Papers on Seismology 


385 


3- This leads at once to the improvemetU and rlevelop- 
ment of instrtmients, both for the routine registraiton, and for 
special studies. This is one of the most urgent needs. 

The first and most important need is a seismometer for 
local earthquakes. No suitable mechanism has yet been devised 
which is well sitited for the conti tiuous registration of small, or 
great, local shocks. The requirement for tbis, indispensable to 
progress of the kind sotight. is continuous registration with a 
sufficiently “open" time-scale to permit analysis of the resulting 
seismograms, involving short wave-pcriods, a great range of 
amplitude, and short time-intervals tatween phascs, Moreover the 
instrument must be sensitive, and respond with an adequate 
degree of preci sion, to vibrations of very small absolute ampli- 
tude, for shocks far too weak for perceptibility by the human 
senses greatly outnumber perceptible ones, at least in sotne 
provinces, And it is precisely these weak shocks which indicate 
growing strain and precede the failure and faulting which pro¬ 
duces strong shocks. The accurate location of all these is the 
prime requisite in the attaek upon the geodynamica! problem 
whether for fundamental scientific or immediate practkal rea- 
sons. The purpose, then, of "regional" investigation m seis- 
mology is to learn the causcs, distribution, and behavior of 
strain and shock in a local province, and to apply this knowl- 
edge to the economic and huiuanitarian problems there. The 
general scientific bearing of the work is obvious. 

The application of sotne of these methods for “regional” 
seismologv, showing hovv sharply it is thus distinguisbed from 
“world'* seismologv, tnay best he illustrated by the discussion 
of particular provinces. Two of these may be touchcd On here, 
California and Hawaii, both involved in the Pacific complex. 
This requires description and discussion of the local phenomena. 
It wjll illustrate also the individua! character of the different 
provinces, 

THE CAUFORNIA PROVINCE 

The great shock in Califomia in 1906 was caused by a 
fault-slip which visibly cut the surface near and nearly paralie) 
to the coast line for a distance not less than 180 miles and pos- 
sibly as much as 300 miles. As drawn on a map, an S-shaped 
segment of the fault, wholly OUtside the coast line, is hypothc- 
sized to connect a segment near Cape Mendocino witli the major 
segment farther south. In reality this curved part tnay not 
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exist, The Mctidocirto segment may belong to another fatilt 
east of and para! Ici to the chief one, This is not certain, but it 
is clearly suggested, and it is supported by certain features found 
in the field. 

Eeginning alxiut 1850 work of triangulation was undertaken 
by the U. S* Coast and Geodctic Survey in the Central California 
region and was conducted at irregular intervals. Gpon resum- 
ing work in 1872, aftcr an interval dttritig whieh the strong 
earthquake of 1868 occurred, discrepancies were found which at 
that time were attributed to errors in the previous work t despite 
strong comiter claims by the earher observers. But when the 
1906 earthquake had demonstrated significant surface displace- 
ments large etiough to afTect the triangulation network (offsets 
as great as 21 feet in soit and 15^4 feet in rock were ohservedl 
a re-survey was immediately undertaken. This was completed 
in 1907. As a resuit of the reconsideration of all the surveys. 
two st ages of earth distortiori were found, one apparent ly related 
to the 1868 earthquake and one to the 1906 earthquake. It is 
inferred that in each instauce there was a slow distortion of the 
surface in the nature of a shear followed by a sudden rebound- 
ing readjustment, involving marked relative displacements and 
offsets, at the time of the fault-slipping. Obviously these cir- 
cumstances visttalize clearly a rnechanism of causation, and sug- 
gest a metbod (the survey and frequent reexamination of lires 
of sight atid of precise levels), of detecting and measuring pro¬ 
gressive distortion of the surface, thus pointing in advatice to 
places of growing strain where great shocks mnst eventually 
occur to provide relicf. This, obviously, is a metbod applicable 
onlv in “regional” seismology, 

This Central California region is complicatcd. Tlic 1906 
shock dkl not originate ou the fault which produced the 1868 
shock, but on another parallel to it. the earlier slip occurritig 
east of San Francisco Bay and the later west of it. Both fault- 
slips intersccted the surface and both fault zones are character- 
izcd bv similar surface peculiarities, little basins, pools, htmi- 
mocks, and minor cscarpments jumbled irregularly togclher in 
and along a nariow traet, the fault aone, all of which are mostly 
unrelated to the immediately subjacent rock structure or to the 
larger features of the laud topography, Thus is formed a rec- 
ognizable topographic ensemble cliaracteristic of active faulting. 
Both the niovements referred to exhihitcd predominant horizon- 
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tal shearing which has here controlled the critical topographic 
development, Here, then, is another subject for study, and 
another basis for a distinctiveiy “regioual” seismologic mcthod. 

The history of earthquake occurrente in Central California 
and the geologic record as well, indicate that many strong and 
destructive shocks have been caused here by fault-slips like 
those on the occasions cited. Many of these were of very great 
ertergy. And, indeed, there is suggestion that the shock in 1868 
was of greater energy than that in 1906, For example, though 
Mount Tamalpais lies nearer to the fault active in 1906 tlian to 
that active in 1868 it was transplaced six feet northward in con- 
nection with the 1868 earthquake while with that of 1906 it was 
transplaced only two feet to the southeast. 

From 1769 until 1857 Southern California was the scene of 
sevcral earthquakes of great power, many moderate ones and 
countless small shocks. The very great shock of 1857 appar- 
ently brought temporary relief to the district and few shocks 
occurred there for many years thereafter. A moderate shock 
occurred in 1899, but quiet agaiu followed until 1915. Since 
then several strong shocks have occurred there, originating on 
different faults, and indicating that widespread overstrain has 
agaiu accumulated there» 

A great n umber of active faults are involved throughout the 
California province, making the region one of great seismic and 
tectonic complexity. Its study thus requires a considerable 
variety of methods few of which have heen dcveloped in con~ 
nection with “world” seismology. 

THE HAWAIIAN THOVINCE 

Tum now to Hawaii, where there is only one historic record 
of a destructive earthquake disturbance, that of March and 
Aprih 1868. fThe California shock of that year was in October 
and was wholty unrelated to that in Hawaii, except that the year 
1868 was ttnusual in the occurrence of nuniermis great earth- 
quakes, which may testi fy to an unusually great world-wide 
strain then superposed on the critical loca! strains of many 
regions.) The Hawaiian shock of 1868 was one of great power. 
Fresh rifts were rent open on Mavma Loa and on Kilauca from 
summit to sea in directions trending southvvardly from the cra- 
ters, producing relatively simple linear Systems of fissures which 
remain open and visible to this day, A tidal wave more than 
60 feet in height swept the whole southeast coast of the Island 
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nf Hawaii, and produced pronounced undulations of the sea on 
the shcres of ali tlie Hawaiian islatuls, especially on Maui, whtre 
perceptihlp disturbances recurred as many as thirteen times. The 
southeast coast of Hawaii ali the way from the East Poitit to 
tlie South Point subsided by amounts varying up to a maximum 
of seven feer. Though this is thc only great shock thus far 
recorckd in Hawaii ihcre is gtoJogic evicitnee of many oibeis. 
This ovent tcstifies to great crusta! strain relieved by fracture 
and faulting The volcanic man i festations which accompanini 
it were wholly subordinate in energy. 

In 191 2, when the uritor was brought to Hawaii to studv the 
small earthquakes which are so frequetit on this island. it was 
with a hypothesis in mind that these shocks, occurring in clr^e 
proximity to an active volcano, probably differed in mechanism 
and causaliori from tliose in such regions as Caltfornia. But in 
the course of this study it became evident that the small >1iock> 
recordet! at the seismograph station originated at distances tun¬ 
si der a bly ^ rea ter than the distance to thc active pit. Halemaumau. 
ahont two miles west Very few shock origins were distant 
than flve miles, vvhile the vast majority feli into two groups, a 
great er group distant between 15 and 25 miles and a lesser group 
distant between 30 and 40 miles. These distances are too great 
for the shocks to l>e ascribed to origins deep beneath Halemau- 
itian, unless our views of the causalior of “volcanic* 1 earth- 
quakcs arc to l»e changed in very tadical and scemingly unrea- 
sonable ways. For a good many reasons tt seoni? exceedingly 
improliable that any considerabis percentage of the shocks meas* 
nretl emanated from the axis of the active pit-crater. Xot a 
single onc could be definitely located tbere. Many of those asso- 
ciated with the 1916 eruption of Manna Loa certainly origiuated 
in fractu ring and sli|jping in the zotic fissures on the soiitli rtank 
of diat moemtain, 

Let iis. tlien, look at Hawaii from the tectomc standpoirt. 
Southwest, and tlien sonth, from Kilauea through the Kau desen 
nms a great .system of vi?ible fault fissures, Thongh the land i> 
jungle, tbere is strong reasem for believitig that a similar systeni 
rutis Northeast warflly from the crater. Another system. 
wetl marked, extends from Halemaumau, through Kilauea-iki 
into the jungle. One curving System (or two intersecti rtg recti- 
linear systeins) extends from Halemaumau through Keana- 
kakni on along the line of small craters through Funa to thc 
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sea near the terminus of the 1840 lava flow. Through Mauna 
Loa from its crater southward to the sea and northeastward to 
the jungle (and presumably to the sea also) nuis amother major 
svstem of visible fault fractu res, The cliffs of the southeast 
sltore are known, since 1868, to be escarpments of a great active 
fault System. There is strong suggestion of other zones tangen- 
tial to the is latui. The ctiffs at Waipio and the great deep to the 
iiortheast suggest a great fault system atang tbe northeastern 
shore. Its bold topography suggests that the Western slope of 
Manna Loa, in line with certain features on Huatalai, is the rc~ 
stilt of faulting. This is strengthened by the evenis accompanv- 
ing the stibmanne eruption in 1877. 

These nittnerous fault Systems* together with the origin dis’ 
tances of shocks found by seismometric reduction, strongly sug’ 
gest that the mechatijsm of causation of the shocks in Hawaii 
may not be different from that in other lands. As yet this 
shottld be consideret! only a workitig hypothesis. But it does 
indicate the need for a “regional” study of shocks in Hawaii 
involving many methods some of which are unknown to the 
ro 11 tine of “world” seismology. In Hawaii we seem not to be 
dealing with a simple explosioni center for volcanic causation. 

The “regional" problem in Hawaii, then, requires first, the 
determjnation of the places (and depths) of origin of ali shocks* 
utilizmg for triangulation data obtained at an adequate mimber 
of suitably equipped stations, and the cor rei at ion of these shocks 
with fault? or other loci of causation; second, study of the char- 
acteristics of tlie fault outcrops which in Ilawaii are visibly dif¬ 
ferent from tliose in California; third, survey and watch over 
lines of sight and levels, or systems of triangulation, in order to 
detect strains or warpings; and, further, such special researeh 
programs as are suggested or necessitatcd by the other findings. 
or by the peculiar local conditions which prevail in the province. 
Xot merely the island of Hawaii is concerned, but ali the islands 
of the group. No one of them is wholly free from the occur- 
rence of small shocks. 

Enough has now been said to illustrate the differetice in 
atm and method between "regional” and “world” seismology* 
and how each of these grand divisions of the science is appli- 
cable in the Pacific domain. 

Especially in regional studies do we wish to determine the 
places of critical overstrain, and so to discern in advance where 
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powerful, relieving sliocks will originate and what the sympiom> 
of their approach are: for though they cannot be prcvemeil, 
preparalion tan be made for them. In language suggesied bj 
the comment of a sarcastie editor upon the vglue of sei^ne- 
graphs, we war.t to study the behavior which indicate* that the 
mule is getting neady to kick, rather than the bruijse wliteh 
resulta, Hitlierto rhe hruise has harl the r.hief attentior. As tlie 
writer sces k. the beginnitig of work in regional seistnology in 
certain Pacific provinces is an immediate, urgent need, not, to Ijc 
sure, for the reason recently cited in the case of Polynesian 
anthropology, because the fundamental data are on the way to 
disappearing for e ver, but becausc the cycle of action in mo?t 
provinces is long,—far too long to be conipassed in a scient iik 
lifctime. It requires, tlicrefore, mtensive,, sy sternat ic work, ion" 
continuet! through the cooperativa eiidcavors of a stafT of inves- 
ligators, It cantiot be entered upon too soon. Delay is danger- 
uus. Significant evenis, fuiidairieiiUl to au uuderstaudiitg of Lhc 
cyclc, may pass unobserved, and, once past, thesc will not recur 
hir many years. For exampla, only otte great earthquake is on 
recocti in Ilawaii. Yet its phenomena throws imich light on the 
niechnnism of action here. Had it occurred be fore 1820 we 
would not ktiow of it and our understanding of seismic activity 
liere would be corresponditigly imptrfect. We do not ktiow hmv 
soon ibe next great shock will come. In Jamaica, Port Royal 
was dcstroyed in 1692 with accompanying phenomena of a inost 
cnlightetiing sort, and in 1907 Kingston; more than 200 year. 
elapsed between catastrophic shocks in the same tract. Like the 
great shocks the small shocks ha ve meaning. They should not 
p?ss iiTiobserved. 

In bricf, ‘'regionat’* seismology aims to investigate the dis- 
tributioti and behavior of strain and shock in relation to the 
geologv and works of construction in a limited province; wliile 
“ivorlil" seismology aims to determine the distributiori of regione 
of high seismicity (or strictly of great earthquakes) to observe 
and rcteasure the behavior of seismic waves as tbese tra verse the 
eartli, and to fiud the interpretation of this behavior. The 
'lonuin of the Pacific is a fniitfnl source of data, valuable ahke 
for scicntific anci liurnamtaiian reasuus, in both divisions of the 
sctence. 
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DISCUSSION 

Mu, Vaughan : Is Pan ama considered one of the regions that is 
ati earthquake hiatus? After I left Panama in Igu an earthquake 
occurfeci causing uneasiness to the engineer$ of the canaL A break 
occurred near a deep in the ocean and broke the cabi e. 

Mr, Woon: No region has a tot at absence of earthquakes. Fanama 
as well as Dritish Columbis are caeh a hiatus in poitit of time rather 
than of geography. In Rritish Columina there is no rceord of destruc¬ 
tive earthquakes, 

Mp, Mayor: We appreciate the importance of loca! studies of 
earthquakes, In Kingston, Jamaiea h the area that suffered was the 
soft ground, the “made ground" near the shore, The houses built 
on nsck withstood the shock and remained intact so far as thetr 
construction was concemed, I have just looked over the seismo- 
graphic laboratory at Samoa, now under New Zealand, which may 
or may nat be rctained by the government, It is important to have 
it kept up, for tidal waves and probably submarine eruptions occur 
in that region, Pumice has been found covetiug the surface of the 
sea near Samga. Important earthquakes occur in American Samoa, 
giving rise to tidal waves; a destructive one occurred in June. iqi7. 
There the earthquakes do not take place in ihe immediate ndghhor- 
hood. but arise in the Totigan Deep. The wave in 1917 wps 40 feet 

high, Recently at Pago Pago an earthquake wns followed in half 

an hour by a wave, 

Mr. Jaggar: The Scetion 011 Volcanology and Scismology has 
passed a resolutiori recommending a continuante of the New Zealand 
obscrvatory. The New Zealanders are solid for the support of Dr. 
Angenhcister who has carried on the work throtighout the war for 
the sake of Science, also doing work in terrestrial magnetism, He 
is a pupil of WiecherL The importance of the work has come aut 
in statements of Mr Littlchales p Mr. Wood and Dr Mayor, The 
whole South Pacific needs more study, as many tidal waves and 

eruptions occur that we never hear of. It is also the center of the 
coral red problem and has to do with the heaving up and setiling 
of eominents* a subjeci that all naturalists are interested in. 

Mk. Washington: Adarrn and Williamson bave studied the 
earth's interior in connection with earthquakes and the compressibility 
of rocks under controlled conditions, They find that rocks are not 
eompressiblc to such an extent as will accnunt for the high density 
of the earth, They have calculated roughly that at the core the 

spedfic gravity should be about teu limes that of water, Their idea 
is that the zones from the surface rocks to the center are not sharply 
dividedp but are transitional. There seems to he a rtgidity change at a 
depth equal to nbout half tho earth r s radius. 
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PULSATORY OSCILLATIONS IN R ELATI ON TO 

OCEAN WAVES 

Ry FuSakichi Omori 
nature oe mdtion 

Pulsatory oscillations, generally but errotieously known as 
microseisms, are smail, slow, unfelt, non-seismic movements of 
the ground, which with alternatione of maxima and minima 
continue for several hours or for several days, the average 
periods being either about four seconds or about eight seeconds. 
They attain fuU development on extensive planes of new fcrma- 
tkm, sueh as the regions about the cities of Tokyo and Osaka, 
the range, or double amplitude, being often greater than o*l mm. 
On mountams, the rnotion is much smaller. Agam, pulsatory 
oscillations are dtte to no tilting of the ground, but are recti- 
linear* to be decomposed into three rectangular compotiems, of 
which the vertical is often well pronounced. The pulsator)' 
motion at a given place is coustantly changing in direction, ac- 
cording to Lhe observations in Tokyo, and the individua! vibra- 
tioits can not be identified at two observatories a few kilometcrs 
aparr, indicating that these are not of the nature of progressive 
waves radiating from a single origin* 

. RELAT10N TO OCEAN" WAVES 

Pulsatory oscillations occur invariably with stormy seas. 
In Tokyo, these movements often begin several days in advance 
of the aetual arrival of a tleep barometric depression. As an 
example, I may refer to the severe Japan storm on Sept. [7. 
1904, which indicatcd the minimum barometric pressure of 
724 mm. at Ushio-misaki, the Southern extremity of the penin¬ 
sula of Kii, at 2 a, m., and whicfi crossed the Main Isi and 
between Osaka and Kobe. It was preceded by quiet weather on 
the i4th and i5th: the depression center of 725 mm. barometric 
pressure having made its appearance off the Southwest end of 
Kyushtt first on the i6th. at 6 a. m., when a storm warning was 
Lssued hy the Central Meteorological Observatory. The tromorm 
eters in the Tokyo University, however, had already indicated 
distinet pulsatory oscillations at about noon, on the i2tli, which 
were much intensified 011 the afternoon of the t4th and attained 
the maximum stage hetween 4 a, m, on the i6th and midnight 
of the r/th, 
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Fjcure i- Duplex pendulum iromometer tlhgram of ihe krge 
pulsyiorv oKillitims observed in Tokvo, October f> and ?, 1919, Mn^Tii- 
ficatinu 20. 
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Tax-Pacific Sciehtific Coisference 

Again, it often happens tliat in a liarbor or bay the weather 
Lemanis quict, while ofE the coast or on the outside ocean stiriace 
the wavei are so rough as to retider navigation dangerou* for 
small eraft, On sudi oecasions the tromonieter record of pulsa - 
tory oscillations serves as a faithful indicator of the condi tioit ol 
the sea. Thus, tlie numerous fishing boats which had sailed otii 
of the liarbor of Choshi on the moming of Alarch 12, 1910. 
when the weatlier was fine, met heavy seas oft ille coast, resuit- 
ing 1 in the loss of several hundred llvca, Accortling to the tro¬ 
monieter registers in Tokyo, the pulsatory oscillations gradualh 
increased in amount from about 4 a. m. on the I 2 th and rc- 
mained most active between 1 130 p. m, on the same day till 
alwut noon the next day, the range of motion in the east-west 
and the north-south components bemg each equal to 0.2 mni.. 
and that of the vertical component abo.it 0.3 mm. 

OSC1LLATIOPT PERIOD 

To deduce the average periods of the sea waves, the direct 
ohservations and automatic large time-scale registrations witti 
pjr Laide maiucgiaphs liave reveiilly been made al severa! places 
along the coasts of O shima (Izti)* the Kazusa Awa peninsula 
and the prnviiices of Sagam i, Snruga and Toforni. Hy way of 
re f e retice some nieasurements '.vere also made of ships' rolling in 
the bays of Ise and Tokyo and also on the Pacific off the coast 
of Tokaido. The wave period most commonly found in the 
bays was 44 sec.. while those pretlominating along the storniy' 
opeu scacoasts vweie 7.6, 11.1, and 15,4 sec. Ainung the lower 
periods, that of 65.5 s&c* was well pronounced, These different 
wave periods are verv ticariy equal respectively with tho>e 
relating to the variation of the wind pressure which I have found 
from an examinatiori ofthe large time-scale pressnre-tube anemo- 
meter regisiers made during storms by Mr. Shimono and Mr. 
Asakra at Osaka and Yokohania meteorological ol>servatone> 
ropcetivcly. (Sec tablc I,) Among the others, ihe periods of 
aliout 4 sec, and of about 8 sec, found for the sea vraves 
and the wind pressure variation may be assumcd to l>e idcmical 
with the two fundamental periods of pulsatory oscillations. In 
other words, the sea wnves are surface disturbances principally 
dtie to clianges in wind pressure, which, imparting an incessant 
series of iuqieUiscs on the ocean bottom, cause the neighboring 
area of the earths crust to assume the pulsatory motion with 
simtlar periods. 
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TAHLE I, RELATtON OF WAV ES IO WIND PRESSURE 

Pcriod of occanit wavcs; obscrvcd Ptrriod of wind pressure variniitm ; 
along Pacific Coatsis of Japan, observed in Yokohaina .Tnd Osaka, 
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1 Xot weU-pronowlced. 

PULSATORY OSCILLATIO Sil IS RELAT10N TO TYPHOON TSUNA MI 

Mere strong winds form no cause of pulsatory oscillatione 
Thus, ou March 15, 1910, very strong southerly winds blew in 
Tokyo, which broke a wooden telegraph post in the Yotsuya 
district, Yet the pulsatory osciHations on the sanie day were not 
specially large, the range being less than 0,04 mm, Getierally 
the southerly winds produce in Tokyo only slight pulsatory 
motion, as in that case the storm center is passing over Japan 
Sea at a distanee from the city in question, in which swelis are 
probably not so huge as on the Pacific. Agam, when a storm 
center passes across, or very close to the Pacific coast of the 
Main Island (Nippon), the fall of the barometric pressure on 
land may be excessi ve, and yet the pulsatory osciHations in 
Tokyo do not dcvelop beyond a ccrtain limit, say 0.1 mm. Such 
is the case when a storm (typhoon) producem a or tidal 

wave in the bay of Tokyo. On tlie other hand, when a storm is 
rushing over the ocean off the Pacific coast. the barometric fall 
at the center must be excessi ve, as no i r regulanti es such as are 
found on the land surface present obstruet ion to the fury of the 
typhoon. The consequent devclopment of pulsatory osciHations 
is very marked, those observed in Tokyo on Nov, 17 and 18, 
1900. and on Oct. 6, l 9 J 9 « reaching respectively 0.65 and 0.85 
mm. in each of the cast-wcst and north-south components. fu 
such cases the sea water is attracted toward the storm center. so 
that there is no tendency toward its ac cumulat ion or elevatiou 
aloug the coast; a tsunami, or tidal wave, being consequently not 
produced. Thus, the observation of the pulsatory osciHations. 
coupled with an accurate determination of the rate and route of 
the storm center across the land, may give a timely warning of 
an approaching typhoon, tsunami, for places like Tokyo or 
Osaka. 
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i [fi. Wood: The data prcscnted by Dr, Gtiiori should be of 
inlerest to mefceorologists, 

Mp, JaggaR: Heavy miqroseisms are frequetltly reqnrded at the 
Kilauea statiori when iti the autmrm the trade winds are replaced by 
prolong^d caltns. These heavy ruit roseism storms show rcsonance 
effects. with fluctuationis in amphitude* and apparqntly are distinet 
from the irregtdar and very intense vibratiori which occurs doriiitf a 
heavy tvind storm at the statiorc. There is no evidence dviring ihe 
calm spells that a heavy surf is breaking on the shores of the island 
of Hawaii 
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STATUS OF THE SEISMOLOCICAL WORK IX 

THE PACIFIC 


By Otto Klotz, Director Dominion. Observatory, Ottawa, 
Cana da; Fresi dent, Seismological Society 
of America 

(Prcsemed iit ihe reiiuest of Committet: cm Program.) 

INTRODUCTIO* 

What follows is hased on available materia] in tlie Domin¬ 
ion Qbservatory at Ottawa. I am stating this in justice to 
myself and to forestall criticism coticeming materiat with whtch 
the observatory has not been supplied. 

The great want in seismology is coordination and stand* 
ardization. We have different instruments, different methods, 
different interpretati on of seismograms ; we have no wprking 
plan save merest routine, no definite problems, no directing 
force or body or eommittee. We are sitnply seismological enti- 
ties more or less aimlessly floating through space, constrained 
neither by the gravitational tior any other law. Seismology with 
orte or two notable exceptions has been up to the present a by- 
product in. the activities of some men of Science, Seismology 
deservcs the nndivided attention of capable men who can grap- 
ple with the many problems presented both by the instruments 
and by their records, fotlowed by the highly important iuvesti- 
gational work in geophysics, The fieltl in seismology is at pres- 
ent almost a tabula rasa. 

It goes without saying that reliable seismograms furnish 
the data for ali our computat iens about an earthquake: its loea- 
tion; its hypocentral energy; its intensity at the various points 
of observation; the speed of propagation of the various waves, 
involved in whtch are the elasticity, the density and rigidity of 
the material along its path; the coefficient of absorption; in 
short, the seismograms give the story of the earthquake, just as 
the spectrogram gives the story of the distant stars. But are our 
seismograms reliahle? Theres the rub, Unfortutiately, the 
earthquakcs do not bchave as we want them to do. We want 
eme momentary, instantaneous cataclysm. likc the two Mexican 
earthquakes of March 26, 1908. Frequently, however, the break- 
down is not instantaneous and less distant stations may receive 
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a First impulse ibat is absorbed before it reaclies a more distant 
ane, so tbat the phases read as P are not identical, 

Novv some remarks about seismology in America, and in 
what direction its efficieticy may be increased. *A.ceording to the 
published list (BulI, Seis. Soc., vol. [, No. 4, 1911}, tbere are 
seventy-two seismological stations of the first and second order 
in America of which forty-five are in the United States and five 
in Canada. Tlus is quite enough for the study of the larger 
questions in North America, but their distribution is not the 
most favorable for research. The distribution should be based 
to a great extent, although not wholly, on the idea of seismic 
triangulariori. For this reason there should be stations at 
Helena, Port Nelson, Unalaska, Dawson and Nome, supplied 
with Instruments to record a 11 tectomc earthquakes. Men in 
charge of such stations should be given opportunities to visit 
other stations where simi lar instrumcnts are installed. A thor- 
ough understanding of the Instruments employed is essentia]. 

time 

Although great improvements have been made in the time 
record, a satisfactory stage has not been reached. It is to be 
regretted that manu factu re rs of seismographs generally fumish 
a eheap clock for recording the time. This is a mistake. With 
telephone, telegraph or wireless available, a daily clock corree* 
tiou should be obtained and tabulated, entered on each sheet and 
applied to the seismogram readings before they are sent out, not 
a month or two afteramrds, as was done by some European sta¬ 
tions. For the interval of time, the different phases and the 
fletermination of the distance from the stations to the epice nter; 
the clock correction is of course not necessary, but whert we 
wish to deduce the absolute time of the occurrence of the shock. 
at the cpiccutcr, it is cssential that the time of each station be 
expressed accurately in Greenwich Mean Time. We emphasize. 
therefore, that each station should strive to have its time accur¬ 
ate to within otie second, a not unreasonable request. 

INTERPRETATIOUT 

Let us assume that the two preceding subjeci s. mstrumeiits 
and time, have been satisfactorily dealt with, so that we examine 
cuir seismogram with a certain degree of coufidence. A tectonic 
earthquake has been recorded. We see the beautiful and regular 
sinusoidal waves and know that we are dealing with a severe 
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shock. Unfortunately those fine markings are of no immediate 
concern to us. They will be lat-er if we wish to evaluate the 
energy liberatcd by the earthquake. Our first concern is to 
find P. If there are no microseis-ms prcsent, tbere may be little 
difficulty in finding a sharp offsct from the straight line showing 
rapid oscillations of a second or two or less, In this case we feel 
sure of our P. When micros (.microseisms) are present the 
reading is not so simple. However, as the period of P is in 
general less than that of the micros one will generally find a 
tiny peak superimposed on tbe sinuous micros and thus locate P. 
But all this must be done with circumspectiori, and the con- 
gruity of P, S and L, if possible. establisbed. If the earth- 
quake is a clean breakdown of a stidden adjustment of the 
stresses. then PR is frequently found soon after P by an in- 
creased impetus. We must reinember that after the first arrival 
of the P waves otbers follow and a medley of waves is set up 
that continue till the L waves are well in the saddle and all 
traces of P and S waves have disappeared, This medley mili- 
tates against accurate interpretat ion. Naturaily the P wave 
entering upon a quiescent state of the seismograph is the only 
one that lends itself to absolute accuracy of a second of time. 
The S wave enters its phase while the effect of P waves is stili 
at work, and hence the S is often not so sharply defined as the P. 

The greatest uncertainty, however, occurs in identifying the 
beginmng of the I y waves. There is no trouble in seeing h, 
waves, but when we trace them back we almo st invariably get 
into a region of uncertainty. This uncertainty is and must 
naturaily be confined within certain limits in order to be con¬ 
sistent with tbe readings of P and S already made. Perhaps 
tbese latter may require re-reading and revision for we must 
remember that there must be consistency within certain limits, 
based on our experience and tables. (Tbese latter, it may be 
stated here, although not perfect nor final, are pretty good, as 
shown by their application to many seismograms and tbe resuit s 
deduced.) It has been our experience that in genera! the periods 
of tlie L waves decrease w'ith the lapse of time. Frequently the 
L waves start with a period of 40 second s, which quickly dies 
dmvn to 30, 24, 20, down to 12 or so, and may be resuscitatori 
for a short interval to a longer period, say 20-24, when L R 
appears in a heavy shock, 

Having read P, S, and L we have the d.ita for our imme¬ 
diate concern. We have yet to read the maximum amplitiide of 
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our two componcnts. Here we must confess is undoubtedly the 
weakest part of our interpretation. This amplitude is stipposd 
tc> be some fnnction of the energy. Jt is only neccssary to look 
over the repom from various stations io see that something i; 
wrong, for we find stations at great distance from the epiceiiter. 
reporl ampliuides far in escess of ihose itiucli ncarcr, which oti 
the face of it is untcnablc, Furthcrmorc the rclation that exi^t? 
between the magnitude of the ampli tudes for the two component; 
N-S, E-W. and the directiori from the epicenter is noi at ali 
apparent, as is the case with the amplitude of the first impulse 
of the P wave and ttpon which Galiuin based his determinati™ 
of the position of the epicenter, combined with the evaluatioii of 
A froni 5-F. We know, or believe we know, the free periocl of 
our pendulum c we believe we know the damping ratio; we t*:- 
lieve we know the period of the carth particle. we then consuit 
the 11 magni ficati oti curves*' and find the ratio between the theo 
retical magni fi tat ion, which perhaps we ha ve ntirselves Hcter- 
mineri, and the magnification for the case in poinl. We apply 
the latfer to our setsmogram and enter on our sheet so many 
microns amplitude. How near to the rea! truth this is—who 
knows? Mere is rooni for investigation and improvenient, 

Let us return to tlie interpreted P, S and L. We Enrn » 
the Scismiilugical Tabies, which we believe are pictty generali} 
used in America, and find first from S-P the appropriate A, and 
from another tahk? the corresjjonding F-O. from which follow 4 
O. fhp Greemvich Mean Time of the actuai occurrence of the 
earthquakc, O should of course be the sanie as derived from ali 
stations. Discordantes between O s may be due to severa! 
canses. Firstlv, dock correctioti; this woulri show irself to the 
full amnmit; secondly, iuaccurate reading of F or S, or both. 
iherehy affecting a arui F*Ot thirdly in case of a gradual break- 
down wIhtc the first T’ docs not reach very distant stations. hciice 
die recanis of two stations may not be of the same phenomeiion. 
althougli the interpretat ion of each is correct: and lastly. srliall 
diffcrericcs may be cxpected, due to imperfections of the Table*. 
parliciilarly wlien the distantes exceed io.ooo kilometers, How 
closely the 0*s agree wlien the seismograms show weli ntarked 
phases is sliown by Rerkeley and Ottawa records, where with 
severa 1 eartlicjiiakes during the present year, the differencc of 
the 0*1 vvas three secumls. Well may we marve! ac the advanec 
pcismology ha? made! Whcn stations «carly 4000 kilometer 4 
apnrt recani an earthquakc by different instmmctits: delenninf 
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iis distance; and give tbe time when it aetually happened thou- 
saritis of kilometers from either place within a few seconds, it 
is certainly grati fying. 1 think L am safe and correct in saying 
that when the observer has confidence in his interprctation of 
a seismogram, the discordance between such different 0’s, bar- 
ring clock corrections, will fall within ten seconds. As is well 
ktiown for distant earthquakes, say over 8000 kilometers, the 
horizontal component of the P wave is weak, and is frequently 
not recorded, the first to be recorded bcing probably PR, bnt 
interpreted as P with consequent wrong distance and wrong O. 
With severe distant earthquakes it is worth while looking for 
I^R: we must Temember that at tbe anti-epi ceti ter, the antipode 
of the epicenter, the intensity of the waves is increased and they 
start on a fresh envelopment of the surface of the eartli. Even 
if our reading of L is inaccurate to a few minutes, when we 
find LR, the difference in time between the two is the time 
interval for the distance 4o.ooo-“2A. Taking a mean velocity 
for the L waves of 230 kilometers per minute, w T e obtain at least 
an approximate value of A, so that we can reexamine the earlier 
phases of P, PH, S, SR. and disco ver any glaring inconsisteiicies 
and erroneous in terp retat ion s, We may rest assnred that the 
seismogram is always consistent within itself; it remains for us 
to interpret it correctly. Although there is a small niargin to 
our present valnes for P. S. L. for any given distance, yet that 
lias its Iimit, and we must avoid recording the impossible. 

A subject requiring investigation is that of the M waves, 
or maximum manifestation of the L waves. Every observer has 
undoubtedly fo-und that not every earthquake shows an easily 
fliscernible M, dismissing for the present the oscillations set up 
in the pendulum itself which of course would give an erroneous 
M. Should we be able to recognize in every seismogram for a 
tectonic earthquake a well-marked M ? What relation is there 
in the time interval between the arrival of L waves and the M? 
Is the interval a function of the distance? How shall we in- 
terpret two M's; must there then be also two P’s and two S’s ? 
What relation is there between the M and the depth of crust 
invHved ? 

In the velocity graph pubhshed by Wiechert and Zoppritz 
in 1906, AngenheistePs value for M is included, From it we 
find that the velocities of the L and M waves are plotted both 
as straight lines with an interval of 50" or 410’ for a dis- 
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tance of 10,000 kilometers; other distances in dircct ratio 
thereto. It may be correct, is it correct? If a constant rela- 
tion exists between the L waves and M, then we have an 
approximate value of the distance; tbe approximat ion depend- 
ing upon the interpretat ion of both L and M. M certainlv 
requires further interpretation and hivestigation. 

evaluation 

A violent surface earthquake or Bergsturz occurred in 
Pamirs on February 18, 1911, Gahtzin nndertook to evaluate 
its energy as manifestcd on the Pulkova seismogram, an ac- 
count of which was published by the writer together with the 
Ottawa evaluation for the same shock in the December num- 
ber, 1915, of the Bulletin of the Seismological Society of 
America. Later Navarro-Neumann simiiarly evaluated tbe 
Cartuja seismogram. The method evolved by Galitzin, or 
any other method, will furnish an inter-comparison of inter¬ 
pretation and measurements on the seismogram, and accuracy 
of the magnification factor employed; for the energy, E, 
found at the various stations must, as in the case of the O, be 
the same, The derivation of E is not quite as simple as 
that of O; this klnetic energy is one deserving of more at¬ 
tentio n by seismologists and geophysicists, for it is the most 
potent manifestation of energy that we experience on the 
earth, The evaluations wottld probably confine themselves 
to severe tectonic earthquakes whose records would give ample 
materia! for measurements. It is to be hoped that this hilher- 
to unused part of the seismogram may find its place in the 
publications of stations. McAdie gives in his presidential 
address tbe energy of the grcat San Francisco earthquake 
as 3 1 6354 X 10* kilowatts (Reid), or 3.16 X io si ergs. For the 
above Pamirs earthquake the energy liherated was 4.3 X to** 
ergs. 

nomenclatore 

The nomenclatore by the International Seismological 
Associaticn years ago is now pretty uniformly adopted. In 
our Seismological Tables an important symbol, O, the time 
of the earthquake at the origin, suggested to the writer by 
Professor J. R. Woodworth of Ilarvard, was incorporated 
and I ain glad to see that in a report from Shide, Professor 
Ttirner adopts this symbol O, It goes without saying that 
uniforroity of nomenclatore is higbly desirable. 
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BULLETINS 

Here there is room for further improvement and uni- 
formity in harmony with the resolution of the International 
conferencc at Manchester in 1911. Most American stations 
that issue bulletins issue them on the prescribed foolscap 
sheet size* Those that do not would confer a favor on the 
others by falling in line with the accepted form. But of 
greater moment is that some, many, do not issue a monthly 
bulletin at ali, in fact some bavc not evcn an annual report. 
The records of such stations are practically lost to the scien- 
tific world. The lack of individnal bulletins is in a measure 
made up by the publication in the "Monthly Weather Review 1 ' 
of Washington the monthly records of some twenty American 
stations a few of which issue monthly bulletins. From un- 
avoidable drcumstances such records are two or three montlis 
old when received. To publish only annual reports, which 
means probably fifteen months after a January earthquake, 
is not fair to the scientific world* They lose very much of 
their value by bcing withbeld from incorporation in seismo- 
logical st udi es and investigations. The annual reports are 
desirable, but a monthly bulletin is much more so. A few 
stations have the laudable enterprise of exchanging printed 
form post cards immediatety, giving data of a severe earth- 
rjuake. Publish, puhlish, publish at the earliest possible time 
and make the data available to the world. should be the aim 
of every station, 

INTENSlTY SCALE 

Personally I am at present more concerned in obtaining 
reliable seismograms and in their proper interpretation than 
in an arbitrary intensity scale. I quite agree with Montessus 
de Ballore and Branner about the unreliabiUty of the personal 
estimate, and the modification suggested by the latter to the 
Rossi-Forel scale should answer our purpose for the present. 
The only scientific scale must be a dynamic one, based upon 
C. G. S. units. 

CENTRAL* BURE AU 

It w r as hoped that xvhen seismology obtained a legal sta- 
tus at Washington a ncw dawn would break. I_,et us trust 
that our hopes will yet he realized. The Central Bureau 
of the International Association did much. accomplished much, 
yet has not achieved that position that the writer, who has 
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on severa I oeeasious visitcd it at Strassburg. cxpoctcd it to 
altain iri its imefiilness io seismologists. Refore we gei oiit 
better tables. before seriolis geophysical problems involved in 
seismic records are uiidertaketi, we mnst have bctter records 
and stili more, better interpretations of the records, Sonic uf 
tbe data are so imperfect at present that ir cloes not seem 
rigbt to incorporate them in itivestigattons, it is bclievcd 
that most seismologists. anyway in America, had to grope iheir 
way inio the subject without any personal aid or assi statue 
or explanat ion ibo ut imtniment or seismogram. It is not 
to be wondered at that the interpreted records lack preciston. 
Tlie di «tribu lion of American stapons is witle enougb to fur¬ 
ni sh matcrial to dcal with vvorld problems in aeismology. 

My idea of a Central bureau at Washington is that it 
be s. clearing liouse, and intelligcnce bureati: a bureau \o 
wliich ivc can scnd onr scismograms to bavc thcm read and 
interpreted, subsequently to be returned, cach with its rc&diiig 
and remarks. Tocation of epicenters can be mnre efficienti)' 
tlone at a Central bureau thati at individua] stations. My 
tueatis of stich a bureati there would in' a short time resv.lt 
coHirdi nat ion that novv is envetoped in a distant, future. The 
study of the seismograms from varioris instrnments would 
discluse defects, aiul defects discovered presumabty lead to 
dcfccts rcmedied. Tt would give new Ufe to each stat ion; 
caeli statinn would teel that it is a unit in tbe riew struc¬ 
ture of seismoio^v that is trying to unravel the hidden truths 
of the surface and interior of our earth, which is after ait 
the most important. to ns, of ali the heavenlv bodies. 

To give an idea of the iinsatisfactory situatton with refer- 
encc to eartlxpiake records, ore need only tum to the inter- 
esling compilat ions fotiml in the Shide *'Bubetias. 7 ' Take 
ai randnm The one for April and May. ty i 5, Glancing over 
it one finds differences betwee» the observed and computed P. 
sitnilarlv for S. based on an epicenter computeri by Sili de. 
rmining to 100*. to joo*. to a iooo», and even to over 2700*. 
that is. more than 45 miriutes of time. Surely there is sotne- 
tliing radically wrong. Whafs the use of talking abont cor- 
recting our rabies by a few secouds or so, when we stili 
bavc matcrial likc that to dcal with? Ts it not our first «luty 
to get fairly reliahle records? 
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The bureau might properly undertake too the testing of 
instmments before they have bcen permanemly set up, as 
has been done at Strassburg. Such testing and examinations 
would give greater confidence to the observer in the per¬ 
formari ce of his instrument. When we once have reiiable 
data then the field of geophysics may be entered by those 
who have the necessary mathematical implements to culti- 
vate it, taking up any particular branch of research that 
appeals to thein. But to repeat, we must first have reiiable 
data. 

Perhaps my conception of a Central bureau at Washington 
appears like a '‘pretty big order,” but it is worth while if 
seismology is to have the scienti fic standing it deserves* The 
first year or so would undoubtedly have the heaviest drain 
on the bureau till ali or the important stations at least would 
have their seismograms co-ordinated, The bureau would bc 
expected to publish the earthquake data from the various 
stations, together with monographs and other matter perti¬ 
nent to seismology. Such a bureau would be perfectly in 
line with similar hureaus already established at Washington. 

Now a few words about the Pacific, encircled as it is by 
a seismic girdle and dotted with seismic fields. Many seis- 
mologists, I am sure, have longed for a well-equipped seismo- 
logical station in Hawaii; for well may otie say it has “earth- 
qnakes to right of it, earthquakes to left of it, earthquakes 
ali around it.” An efficient station at Honolulu in charge of 
a capable scicntist and stafl could do more in one year than 
is now done at a half a dozen or more stations. One need 
but look at a map and note the favorable position of Hono- 
luUt for recording the quakes of the East Indies, japan, the 
Ateutian Islands, the Western coast of North and South America* 
and of the South Pacific, It is a perfect seismological para¬ 
dise ready to gather the fruits of recent earthquakes. It is 
to be hoped that the Pan-Pacific Scientific Conferetice will 
take the necessary steps that may or wil! lead to the estah- 
lishment of such a station at Honolulu. 

To support and enhance the vahie of such a mid-Pacific 
station it is desirabie that other first class stations, iustni- 
mentally anyway, be established around the girdle referred 
to. The followitig are suggested: Unalaska. Victoria. San 
Francisco, or other point in California. Colima* Panama. Callao, 
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Santiago or Valparaiso, Samoa, Christehurch, Sydney, Manila 
and Tokyn. Some of the^e places are alneady supplied with 
seismograohs, but not alf of the same merit, In this latter 
lies one of the undesirable conditions. The places mentioned 
are given more with the idea of distribution than of definite 
location. It seems to me that if eorrespondence were opened 
by offkials of the Fan-Pacific Scientlfic Conference with 
the authorities of the various places or emintries touched 
upon above, outlining a Pacific earthquake campaign, stating 
its object, and the important results tbat may be cxpected 
therefrotn (yes, practical results and advantages, to use 

that desolating word “practical" foisted upon us in this utili- 
tarian age), a homogeneous cycle of seismological stations 
coultl he established that would then be f with their dependahle 
recoids, of rcal service in unraveling the mysteries of the 
crust and of the interior of the carth* VVithout bdng too 

sanguine, I believe that wkhin two years after an earnest 
and well-planned scheme is presented the effort will bear 

ample fruit. The supreme desideratum is reliable records. 
If seistnology is to advance after its recent period of “in¬ 

nocuum desuetude,” strenuous efforts mu st be made towards 
that end, I should like to see it introducet! into the coune 
of study in our uni ver sities, where at presenL it is about as 
unknown as the hieroglyphs of Egypt. 

A small committee should be vested with anthnrity hy the 
Comerence to compile a scheme for complete installation of 
a seismological station, suggesting type of instrument (pe'- 
haps the photographic Shaw-Milne\ time Service, nionthh’ 
bullctins, auri other obvious malters; as well as authority to 
communicate with the Pacific cotmtries soliciting cooperation. 

CONCLUSION" 

In clositig these brief remarks, may I express the hope 
that the Pan-Pacific Scientlfic Conference will not dose its 
labors without having taken a decided step forward towards 
furthering t n ves ligat io ital seisinological work for the Pacific 
basin, from which Science and the world will defive lasting 
benefit. 

discussion 

Mu Woon: The importance of acccracy in time keeping far 
earth(|uake trhngulation should he kcpt in mind- It is especially nceded 
iti (Tie loeatJOTi of rcjjioTisl cpicentcrs. A wirtless check on time 
accii ncy is desirable. I do not agree ndth Dr, Kktz concerning the 
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extreme necessity of making monthly bulletins as workers mtist have 
a certa in amount of time for cotnpiling and measurements. There 

is p however p great need for a Central bureati to do the work of 
critica! inierpretations of seismology. For problems of triangulation 
Honolulu is not an idea! Central sta: ion, It b very distant from 

some well-known seistnie centtrs atid not very well pheed for tri- 
angulation in specific cases. 

Mr. RoHBtKC: The comments of Dr, Klotz nn evaluation of 
energy by GaLitzerTs formula are very interesting. It is of great im- 
portance to determino the energy actually expended at the recording 
stat ion, but Galifzin is probably wrong in some of his assumptions 
leading to the determination of energy at the e&rthquake source. 
This determinat ion of energy at the source is a very diffkult matter. 

Mr. Washincton: Great speed in transmission of records to 
other workers is not nc cessa ry and extremely prompt pubi icat ion of 

resuit* may lead to excessi ve pubi i eat ion oi error. An elaborate 

Central burcau might reduce the directors of individua! seismologica! 
stations to mere undcrlings of the Central station, 

Mfc Jaggar: This would be true if existing seismological stations 
were specia! observatories of distant earthquakes, but they are mosily 
accessory to astronomicah geodetic or geologicat institutions. If a 
centra! bureau mcasured seismograms, coordinated the work p and 
produced results for the other stations to use, great Service would 
be rendered to Science, as well as to those stations, 

Mr. Washington: Difficulty would be experienced in getting 
trained meti for the Central stat ion. 

Mr. Wood: The problem before seismology as it exists today 

is not the establishment of ideal stations, but, rather to operate 
efficiently the stations which do exist so as to make the results of 
some use. 

Mu. Omori : Attentiori should be given to the problem of small 
local earthquakes and frequent earthquakes which mu st neccssarily 

have local centers of regi serat ion, as the area affected by them is 
very small. The only sure way of determining the direetion of the 
motion is by studying the first departuTe of the stile of the sei&mo- 

graph at the beganning of the preliminary waves. 

Mu. Jaguar: Is it possiblc to determino the deptlis of the iocal 

earthquake foci? 

Mr. Qmori : I believe the angle of emergence could be determined, 
but there would be distortion of the path of the waves owing to the 
nature of rocks, This method does not necessarily determine the 
depth with any accuracy, 

Mr. JaGGar: How many stations are really necessary for work 
in tcleseismic registration ? 

Mr. Wood: The National Research Council recommends that 

nine stations of the first cla$s bc cstablished. A piati for a group 

of stations has been drawm up to meet the needs of the Southwestern 
United States and Southern California, which has met the approva! 
of the Division of Geology and Geogcaphy of the Research Council. 

Mr, HovRvt It is desirable to have a centra! bureau in Wash¬ 
ington for the work of the United States. The seismograph in 

operation at the American Museum of Natura! History is a type of 
third-rate statioti where the workers cannot be expected to give first 
attentiori to the problems of mathematica! analy^is of sdsmograms. 
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Mk, JaC4;ar : In pians for Pacific work + regional studies and 
direct human needs should be aceented. 

Mr. WASJirNOtoN; A problem ior seismological miE>rk is thf 
trarr^missibility of *arthquike wives across the foliation and parallel 
with the fotiaticn of gndsses and schists Heat and oUier fontis of 
physical manifestatitHt of energy are irammitted differently in t'hesf 
two directioris and the same is probably tftie of earthquate wavt 
motion. 

Mh, Jacgar: Duritig the Costa Rica earthquake of igio the i*> 
seismals were crowded in Crossing the CortliUcran asis, but moved 
out evenly and grsdually ac^oss the eoa^tal plflin on the Caribbean 
side. 

W* L Hovey: Registration at the American Museum, of dynaitiit* 
hlasting in the vicinity was markcd in the direction paralie! tn ihc 
fol ia t ion. 

Mr. H. F. Rein, Pbofessok ok Geology, Jokns Hofkins Umveisiiv 
(From a letter io the Chainrom): So far as seisinology is concemed, 
the HaWrtiian islands themselves are only moderately sei&mic. The 
shocks thcre are apparently darecily cormected vt r ilh the lolcansc 
acti vities and the two shoutd be s*udied in conjunctiori. There are 
many regions iti the Pacific Ocean wheie eanhquakes are hoth fre- 
quent and violent and they are known in a geueral way but it wntild 
be a great advaiHage if the ocean as a whole could be studied te 
dctertlliTie tlie escact relatiens of earthquake centers. Tfii& work wmild 
ha ve to be done hv means of instrumenta! recorda. There are seis- 
niO^rapha ;ei Chilc, Peru, Paiiuiua p Central America* M exitu, Cali- 
forrm r Sitkn (Alaska), Japan, Formosa, Pbilippines, Guatn. Sydnev 
f Australia)* New Zealand, and Samos and of coursc in Honcilalu 
This fnakes a pretty good distribution arourtd the Pacific. It wnnld 
be a great advantage if an msirument could be motinted somcwhert 
ni the ALtutiim Islands and also on onc of the islands of the soiithcm 
group* [ understand the Sanioaii observat ions have been kcf»t uf 
cluring the war anci that ihe observer would like to receive moderate 
payimmr for his work during rhat ppriod. This artius to mc reasoEiabk 
and if it comes within the scope of the Confercnce l hope ibat it 
mny b< approved ^ind carrkd ont 
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By E. F\ Pioot, Director, Seismological Obse rvatory, St. Igna- 

tius College, Riverside, Australia, and L, A» Cotton 

The carliest registcred earthquake in Australia took place 
on June 22, 1788, and was recorded by Govemor Fhillip at 
Sydney Cove. Xumerous small shocks have since been re¬ 
corded, chiefly in southeastern Australia. In very few cases 
has the intensity of the shocks exceeded degree V on tbe 
Rossi-Forel Scale. 

An extraordinary number of shocks, for which there ap- 
pears to be good authority, are stated to have been felt in 
Tasmania during the three years and nine months from April, 
1883, to December, 1886. In fact, no fewer than 2,540 shocks 
were registered by the Meteoro logica! observers throughout Tas¬ 
mania during iliis period. Four of tbese shocks reached in- 
tensity VII on the R. F. scale* but the average intensity was 
only between dcgrees III and IV T . The gr eat est shock affected 
the whok of Tasmania as well as portions of New South 
Wales and Victoria. This appcared to be of submarine origin. 

The niost severe earthquakes recorded on the continent 
itself are those which cccurred at Adelaide in May, 1897, and 
at Warnambool, in Victoria, in April and July, 1903. The 
Adelaide shock was also of submarine origin and reached a 
degree of intensity IX (R, F. scale) near Beachport and Robe, 
The Wamambool shock of April 6, 1903 reached a degree of 
intensity VII (R. F. scale), 

A great number of small earthquakes have been recorded 
in South Australia, Victoria* and southeastern New South 
Wales. but little systematic study has been givcn to tbese 
phenomena. The horizoutal pcndulums which have been es- 
tablished at Burrinjuck for the purpose of measuring the 
earth lilt nnder water load have recorded a number of these 
small shocks, They are undouhtedly due to local faulting. 
for which there is also strong physiographic evidence in this 
district. 

There is ample sco[ie for good systematic work for field 
seismology in the Australian region. The study of seismology 
in Australia was stimulated hy the formation of a comtnittee 
of the Australian Association for the Advancement of Science 
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in 1891 This committee has striven 10 advance seismological 
scieticc chicfly along the lines of instrumcntal rcscarch, 

The earliest types of seifimographs used were rhe Gray- 
Milne instTumcnt at Mdboume Observatory, the Ewing instru 
ment at Sydney Observatory, and locally made Instruments in 
stalled by Mr. Briggs at Lamtceston, Tasmania, These, how- 
ever, have long since been discarded, and Ihe instaUations at 
preseut in use are as follows: 


Locat ed at 
Pcrth, IV, A. 
Mclbourne 

Sydruey (Obs.) 

Adelaidc 

Riverview 


Erected by 

W. E Ccoke 
P, Paracctii 
H.C.RusseJI 
(i. F. iJodwdl 
E. F. Pigot 

■ i 

W 


Recording since 

Type 

Component 

Oct, f, 1900 

AHlne 

EW. 

Apr. 19, 1902 

It 

EW, 

May, 1906 

IP 

HW, 

July (?), 1909 

rv 

EW. 

Msr,, 1909 

Wicchert ( I ) NS, E 

Apr, 1909 

H 

<2) Vert. 

June, 1910 

Maitika 

(3) NS, E 


The Riverside Observatory is of course by far the best 
equipped observatory in Australia, and quite recently sonie 
additions have been made to the instrumenta! equlpment in 
the shape of a complete sel (3 compuncti ts) of aperiodic 
Gnlitzin seismographs, with 3 recording cylinders. It is an* 
ticipated that the new instrtmients will he in full operation ir, 
the course of the next few months. The earthquakes recordeC 
at the Riverview Station since 1913 are: 1913, 175; 1914* 13*4■ 
1915, 129; 1916, 218; 1917, 289: 1918, 265; 1919, 20!: 1920 
(to Dec. ijth), 228, 

Full cletiiils of nearly ali these seisiiiugraius have beer, 
mailed to the niost important seismic statioris of the warld, 
and special butlctins have been published from time to time 
in the case of exceptionally severe earthquakes. 

The most important extensiori of seismological researcli 
required in Australia would appear to be the est abii shment of 
a firft class station in Papua, and an active development of 

fidd seismology. 
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EARTHQUAKE FAULTS IN AUSTRALIA 
By C. A. Sussmilch 

In eastern Australia earthquakes are both few in number 
and unimportant in their intensity and effects. Such as do 
occur appear to be definitely connected with faults which 
were developed during the uplift of the tableland bdt of east- 
em Australia at the close of the Tertiary Period (Kosctusko 
Uplift). At this time a belt of tablelands ioo to 200 miles in 
width was uplifted along the whole eastem margin of Aus¬ 
tralia, to altitudes varying from 1,000 to 6,000 feet. This epi- 
rogenic uplift was accompanied by extensive normal faulting, 
most of the faults being paraII el to the main axis of uplift 
(north and south ) ; some of these faults have a throw of at 
least 2000 feet. The uplift was most pronounced in the south- 
east comer of New South Wales. Here the faults are more 
numerous and of greater throw than in most other parts of 
the tableland belt» and it is in this region that the recorded 
earthquake shocks are much more numerous than in any other 
part of the state. 

Professor L. A. Cotton has recently worked out the de- 
tails of an earthquake which affected Sydney and the Blue 
Mountain area in T920 and shows conclusively that it was 
associated with a line of Tertiary faulting (the Kurrajong 
Fault). 

In south Australia earthquake shocks are more frequent in 
and about Spcncer*s Gulf, on the south coast, than in most 
Other paris of Australia, and this is also a region of extensive 
late Tertiary faulting. SpenceUs Gulf itself is a submerged 
rift-valley, to the east of which lie the fault blocks of the 
Mouni I»ofty ranges. Here also therc scems to be no question 
that the earthquakes are definitely connected with the late 
Tertiary faults. 

In no case has any aetual displacement or faults in Aus¬ 
tralia been scen at the time of earthquake shocks, but in view 
of the mildness of such shocks as we have» this was hardlv 
to be expected. 
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HAWAIIAN EARTHQUAKES 
BY T. A. Jacgar, Jr. 

The substance of this paper appears in Bulletin of the 
Seismological Society of America, vol. io, Ko. 4, pp. 249-264, 
December 1920. 


SEISMICAL FHENOMENA AT SAMO A 

By G. Angenheister, Director of Samoan Observatory, 

Apia, Samoa 

Outline of an illustrated paper transmitted by the author, 
whose attendance at the Conference was prevented by passport 
regula tions. 

A. Movement of the eartlis crust not due to earthquakes. 

I, Microseisins oti calm and stormy days (pulsations). 

11 . Tilting of the ground due to tidal load of Apia. 

1. Harbor seiches 

2. Earthquake tidal waves 1.5 x io 10 C.g.s. 

3. Oeean tides 

The rigidity of the earfTs crust derived from tilting of 
ground by tidal loads incrcases with increasing wave- 
length of the passing waves: 

Rigidity derived from 

1. Harbor seiches; 1.4 x io 10 C.g.s. 

2. Earthquake tidal waves 1.5 x io lfl Cg.s. 

3. Ocean tides 2.0 x io 10 C.g.s, 

The greater the wave length the deeper are the layers 
of the earth's crust which are affected by the toading. 

B. Earthquakes 

I. Different types 

1, Local earthquake. deep-lying focus 
Local earthquake, niore superficial focus 

2, Distant earthquake (24OO kilOmettfs} 

3, Far distant earthquake (8000 kilomctcrs) 

II. Earthquake frequeticy 

a. Day of high earthquake frequency 

b. A world-earthquake and i s aftershocks 

c. Earthquake frequency and niooivphases 
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C. Earthquakes and the snrface and interior of the earth 

I. Earthquakes and the forni and structure of the earttTs 
surface 

i* Earthquake epicenters near the Tongan deep. ali on 
the Western side 

2. Earthquakes and earthquake-tidal waves in ■ the Pa¬ 
cific, Mean depth of the Pacific derived from the 
velocity of earthquake-tidal waves 

II. Thickness of the upper earthshell 

1. The splitting of the first preliminary tremor itito 
two parts (P emersio and P impetus) between 200 
and 700 kilometers distance of hypocenter suggests 
a discontinuity 111 the earthcruftt at a depth of 50 
kilometers (most probably fluid lava) and a sudden 
cJiange in velocity of propagation. 

2. The very constant period of main-waves depends 
most probably only on the thickness and elasticity 
of the upper shell. A thickness of about 35 kilo¬ 
meters is derived from the velocity of propagation 
and the period of the main waves. There are indi¬ 
catio ns that the period of the main waves passing 
through continents and under occans differs in 
lenglh; this would suggest a different thickness of 
the upper shcll below oceans and continents. 

III, The structure of the earth's interior 

The time of the three largest earthquakes from the 
Tongan Deep shows not nmch difference from time 
curves of Continental earthquakes. With the exception 
of the upper shell (50 kilometers) there seetns to be 
no marked difference for deeper lying shells under 
continents and oceans in regard to the rate of propa- 
gation of longitudina! waves, and so to elasticity and 
density of the materia!. It was possible to foliow the 
first preliminary tremor to a distance of 160 degrees 
from the hypocenter. 

D. Tides of the occan, tmdergrotmd water, exrthcrust, atmos- 
phere, and magtietic horizonta) intensity in Samoa. 

I. The tides of the crust follow the tides of the ocean 
very closely without difference in phase. The ampti- 
tude of deflection of the plumb line being .15" is almost 
entirely caused hy the tilting of the grouml due to 
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tidal luads of ihe oeean. Tlie pendulum is 10 in. dis¬ 
tant from the highwator mark. 

II* Comparismi of atmospherir tidem. from different ob- 
servatories shows dearly an increase of amplttudc with 
decrcasing latitude. 

III. The change of pressure per hour (rate of chanae of 
pressure) in the atmospheric tide at Samoa cone- 
spunds clo&cly in phase witli the tide in terrestria] 
niagnetusun at Samoa. This mear.s the tnaxirnum of 
horizonta] tidal movement in the upper atmosphere 
corresponds with the maximum of disturbing force 
in terrestriai rmgnemni. 
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EARTHQUAKES AND VOLCANOES OF THE 
PHILIPPI NE ISLANDS 

Bv Micuel S. Maso 
EARTiIQUAKES 

Systcmatic study and statistics of carthquakes in thc Phil¬ 
ippi ne Islands began in the year 1880 when violent shocks 
caused great dani age to the city of Manila. Such a start 
must be credited to the Jesuit, Rev. Fr. F. Faura, Director 
of the Manila Observatory, a private institution foundetl fif- 
teen years before in the Jesuit College, and to the chief of the 
Kureau of Mines, Mr. J. Centeno. 

Before that year some few papers had been written by 
Mr. j. Centeno and by explorers, visiting the country. In 
1881, the military architect, Mr. Mariano Cortes Aguillo pre- 
pared and published a pamphlet containing general di rections 
and rules for the construction of buildmgs as earthquake- 
proof as possible; his directions were adopted by the Spanish 
Government and enforced as officlal ordinances to be observed 
by the builders and coittractors. 

Earthquake records began to be published regularly by 
the Manila Observatory in 1890. This institution had re- 
ceived fuli reeognition of its usefulness and necessity from 
the Spanish Government in 1884, and since then was considered 
as an official bureau and supported by public funds, A general 
catalog, as complete as possible, of Philippine earthquakes, 
illustrated with numerous maps of seismic areas, and descrip- 
tions of Instruments and resutts of seismic observations was 
published by the author of this report in 1895 under the title 
“La Seismologia en Filipinas.” The Manila Observatory was 
at that time equipped with a Secchi seismoscope, a Gray- 
Milne seismograph, a Bertelli seismoscope and a Rossi seis- 
moscope. During the period preceding the American occu¬ 
patiori the observatory maintained official relations with only 
fourteen meteoro-seismic stations in the main island of Luzon, 
but practically ali telegraphic operators acted as seismic re- 
porters, or correspondents. For reports from other islands 
of the archipelago, the observatory depended on private re- 
porters; yet it can be said that from 1880 up to 1898 not a 
single remarkable earthquake occurred in the Philippines, of 

[415] 


Digitized by LiGoQle 


Original from 

HARVARD UNIVERSSTY 



416 


PaN-PaCIFIC SCIENTIFIC CoNFERENtE 


which the observatory did not receive prompt and accura e 
reports. During the same period sone interesting papers 
ivere published by the Manila Observatory and by the Chief 
of the Bureatt of Mines, Mr. H. Abella. 

With the American sovereignty came an extension of 
telegraphic lines to the Southern islands of Visayas and Min- 
dauao, and the foundation of the Weather Bureau in the 
existing Manila Observatory, under the direction of Rev. Jose 
Algue. S. J.; meteoro-seismic stations were opened throughout 
the eountry and the telegraphic reports of earthquakes began 
to be as complete as cotild be desired, Many stations were 
provided with seismoscopes and special printed instructioris 
to make the reports accurate. 

Later on. the Central Observatory, or Weather Bureau at 
Manila, received a Vicentini seismograph, tw T o Omori bori- 
zontal pendulums, and a tooo kgs. Wiechert seismograph. 
Moreover. tbere exist at present the Baguio Station (16° 25'X.. 
120° 36' E., 4950 feet above sea level), with a Vicentini 
seismograph and two Omori horizontal pendulunis: the Taal 
Volcano station i 14° 7' N., t2i° 04' E., 20 feet above sea 
level) with a Vicentini seismograph and an Agemennone seis¬ 
mograph for perceptible earthquakes: the Butuan station in 
Mindanao (8° 56' N., 125° 32' E., 8 feet above sea level) with a 
Wiechert, 200 kilogram seismograph: the Naval Station at 
Agana (Guam) 13 0 28' N., 144 0 45' E., 14 feet above the sea 
level) with a Wiechert, 200 kilogram seismograph. There are 
also in operation four home-devised seismograph* at Camiguin, 
a volcanic island north of Mindanao; Irosin, dosc to the active 
volcano Bulusan, southeastern Luzon; and Tigaon, close to the 
extinct volcano Tsarog and not far from the active volcano 
Mayon, southeastern Luzon, 

The Standard time used thronghout the islands is that of 
the izoth east meridiari or eight hours east of Greenwich. 
Evcry day at 11 A.M. the time is sent by wire to ali the 
observers. 

The yearly munber of earthquakes felt in the Philippine 
islands can be seen in Tables 1 and 2 which comprise onlv 
the last seventeen years considered as most reliable. Tahle 
1 eontains the earthquakes, and Table 2 the seismic disturb¬ 
antes recorded at Manila during the same period. 
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The mimber of violent and destructive earthquakcs, V r II 
grade and Up, during these years has been 63; the years 1913, 
1915. 1917 and 1919 figuring with seven, six, seven, and eight 
respectively. 
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A special catalog of ali the violent and destructive earth- 
quakes of which atiy recoid could be found was publishcd in 
igio . 1 

Many interesting papcrs prepared by the author dealing 
with earthquakes and the most active seisinic centers of the 
archipelago can be consulted in the file of the monthly 

1 Maso, Rev, Miguel S. Catntog of violent and destructive earth- 
quakes felt in the Philippincs 1599-1909. Manlia, 1910. 
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“Bulletin of the Philippine Wcatlier Bureau" Specially rc- 
commended is a paper on the “relation of seismic disturbantes 
in the Philippines to the geologic structure'** 4 Likewise at- 
tention is called to the work of the eminent seismobgist 
Montessus de Rallore, for the knowledgc of Philippine earth- 
quakes. 

Plans for the future are to place seismographs in otlier 
seismic regions, Mueh difficulty has been experienced in 
keeping in good shape delicate seismographs in so damp a 
country and to find careful observers to take the constant 
minute pains required by such instruments. Arnorig the regions 
which dcserve specia! survey is the Agusan Valley, east Min- 
danat <. a structural trough rurming nearly without interrup- 
tion from Butuan Bay to the Davao Gulf and parallel 
to ti,e great “Philippine Deep” of the Pacific Ocean, the 
largest and deepest so far known. This valley has been ahvays 
the seat of frequent shocks; a Wiechert scismograph placed 
at Bvituan near to its tiorth end records since 1915 an average 
of ninety seismic disturbances per month, the greatest |Jer- 
centage of them having their origin in the “Philippine Deep" 

volcanoes 

There exi st at present in the Philippine archipelago, seven 
volcanoes which are or have been recently active. These are: 
the Kalayan volcano, in the Babuyanes idands, oflF northem 
Lttzon; Taal volcano, Southern Luzon; Mayon and Bulusan 
volcanoes, southeastern Luzon; Canlaon volcatio, northem 
Negros jsland; Camiguin volcano, Camiguin i si and. off north¬ 
em Mindanao; Ragang volcano, northem Mindanao, and Apo 
volcatio, southeastern Mindanao. Nearly ali of these vol- 
canoes represent a distinet volcanic system or region where 
exist many other extinct cones and craters. In the “Census 
of the Philippine Isltands, Washington, 1904/’ we includetl 
a general report on volcanoes and seismic centers. 

So far only a few of them have been the object ef 
geological surveys. Taal volcano was studied by J, Centeno 
in 3885. On the Mayon volcano Mr. Abella pubtished a long 
report in the “Boletin Geologico de Espana.” Reports on the 
stilphuric and thermal vents of the old volcano Makiling. 
Southern Luzon, and the sutphur Banks of the Riliran islaud. 

1 Maso, Mipuel S and Smith, Warren D. Philippine Jour. Sd. 
vol. 8, 110, 4. August, 1913, 
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north of Lcyte, were also published by the sanie author. 
Geological tla^a of the principal Philippiae volcanoes can also 
be fotmd in the works of foreign naturali st s who visited the 
countrv, for mstance, Vori Richthofen, Cari S em per, Oebbecke. 
K. Martin, .[agor, Roth, R. von Drasche, and J. Montano, 
tn the earlv days of the American dominatioti. G. Becker made 
a more exhaustive and general report about Philippine vol¬ 
canoes. 3 

A n umber of more recent st udi es and phvsiographical de¬ 
seri pt ion s can be fotind in tbe “Philippine Journal of Science/ 
by Dr. Warren Smith and other geologists (vols, 5. 6. 7, and 8, 
sec. Ab The eruptions of the Mayon volcano were catalogued 
and described in 1898 by Rev. J. Coronas, S. J.. of the Weather 
Ibireau in retxirting the great eruption of 1897. 

The Taal volcano, because of its nearness to Manila and 
hy reason of its last deadly eruption in 1911. has received 
special attention. Comparative stndies of the eomposition of 
its ejected sandy materials and ashes and of its fumes, waters 
and gases and the appearance of piant life on the new vol- 
canic deposits after the last eruption, were published in the 
‘'Journal of Science/’ Statistics and particulars of its former 
eruptions were published by us shortly after the last eruption 
of 1911. A second paper dealing with the premonitory signs 
given by Philippine volcanoes, aftd with sotrie mnd and grave! 
floods or avalanebes occurring in the Mayon and Banahao vol¬ 
canoes niay be fotind in tbe monthly bulletin of tbe Weather 
Hnrcau, Two complete geological surveys, one of the vol- 
canic region of southwestern Luzon and the other of south- 
eastern Luzon made by J. G. Adams and W. E. Pratt of the 
Bureau of Mines, are so far the most reliable studies of the 
Teal and Mayon volcanic systems, The soutbwestern vol- 
canic region of Luzon abounds in crater lakes, some of them 
a most beautiful feature of the country. 

At preseut the volcanoes under more constant ohservation 
are Taal and Bulusam After the last eruption of the Tali 
volcano in 1911, tt was decidcd to build a volcano station as 
near as possibile to its matn crater, But as the Taal craters 
are located in an island built up by eruptions of an explosive 
character, consequently consisting of movable and Soft ma¬ 
terinis, located in the tniddle of a broad lake, the proposed 

1 Recter. C.. Report on the Geolngy of ihe Philippine Islands, 
2 fst Ann, Rept., U. S. Gcol. Survey, Washington, ipot. 
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stalion liad to be placed 011 the rearest and most accessihte 
shorc of tbe lake. where hard old banks of tuff offeroJ a 
stable base, Outcnops of solid lava of basalt nature are humd 
at great distauces from tbe voleano. The primary objeci in 
tbe mind of tbe Director of tlie Weather Burcau in e<iah- 
lishing and operati ng sucli a statior was to watch the changes 
in the acti vi ty and interior strain of the voleano: so his fi rs,i 
cane was to set tip a very sensitive seismograph of tbe \ i ceu- 
tini type, to record micro-tremors, A motor-launch was a Isti 
provideri in order to facilitate regulat visit £ of tbe observer? 
to the crater, and occasional visita of tourists and scienti >is 
It was also intendet I bv the Government to wam the people 
living arountl tbe sbore of the lake in case of an impendin? 
eruption. A continiious observatien of tbe changes of level 
in tbe lake was also started, but it was found tbat frequent 
changes due to copiotis downpours of rain in a lake radier 
small and with a very narrow cutlet interfered, and prevented 
the collerticm of reliahle data : these ohservations had to bc 
given up definitely bv the extraordinary quick filling and 
extending ont of tlie shore tiear the station. 

At present any analysis of the gases of tlie main vent 
is ncarly impossible: as a consequente of the last erupikm the 
entire botrom of the crater was converted into a deep pool hr 
tlie waters of the surrounding lake filtering through the solt 
and porotis material of the island voleano; thU great body ot" 
water secius to act as a powerfui condenser of the beat and 
gases issuing from helow; st> much so that onlv some small 
vents rux stvn 011 the ncarly vcrtical walls of the crater. 

In fati the last eruption, which consisted practicalh of 
oiic trcmenrious explosion or hiast, was dne probably to oh- 
stmetion and resultet) in the ctearing of the materials which 
dtiring ncarly a century had been eroded from the walls and 
cameri dovvn by tbe lieavy tropica! rains reducing more and 
more tbe venis and at last ncarly oblitering tlieni. A case 
which sliows wh.it can be fcared from a voleano, the vent? 
of which are reduced day by day, either by nevvty ejected and 
hardeneri lava or bv soliti materials aecuirmlated at the i noti t Ii 
of tbe niatti vent or cbinmey. 

Onr ntteiition was also turned dnring the last uvo year? 
inwards llnlnsan voleano, which after liaving been domiant 
for centuries awakencd in October, 1918. The previous year 
had seen some few small cxplosive eruplions throwing out 
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exclusively the old materia 1 that filled the chimney, but in 
1918 it began to [xnir out pasty lava, which formerl a current 
of rough and broken stones within the old large crater, and 
occasionally potiret! down a ravine, which seemingly had beeft 
opened through the Southern wall of the crater as an omlet 
of the rain water collected in it, Such pourings of lava were 
very frequent. During the day they resembted btack. steaming 
stones, detonating and breaking into fragments in their fall 
along the ravine: at night they appeared red hot and sparkling. 
At long intervals. a current of supposedly more fluid lavu 
rushed down the ravine; during the day it resembled a foam- 
ing and steaming current of gravish mud, which ended in a 
gray cloud of dtist covering the ravine and its borders; the 
dtist cloud darkened as it was rising, some streaks of it re- 
maitiing high 11 p among the cumulus clottds for many hours 
after each pouring. So far, the results of the activity of this 
volcanc have been falis of sandy ashes oti the plantations and 
towns arounrf the moimtain with very little or no damage. 
Xeverthclcss, to appease the people of the near-by towns, who 
feared greater emptions in the future, scientists of the Weather 
Rureau and of the Rnreau of Science were sent to the place 
to examine the conditions. The first step was to place a 
sensitive seismograph as near as possible to the volcano in 
order to detect microseismtc movements revealing residua! 
interior strain. The instr ument showed that the re were not 
such movements, excepting the expected shock produced hy 
each explosive eruption: ccmsequently the opinion was that the 
volcano had only normal and easy discharges which would 
prevent accumulation of new grcal energy. An impending 
great eruption was considerer! as improbabis: in fact the oc- 
currences of nearly two t ycars of activity havc proved the 
accuracy of this conclusion, 

During the last five years two other very little known 
volcanoes had explosive eruptions, The first, Ragang volcano 
is situated in Central Mindanao in the Moro country: lt 
belongs to the volcanic region of the widely reported Ma- 
caturing Volcano in the Cotabato District. We arc indebted 
to the military authorities of Mindanao for the onlv reports 
we posses of its recent activity and locati on, The second 
volcano in eruption last year, is the one existi ng in the island 
of Kalayan of the Bahuyanes grotip, off the northern coast 
of Ltizon. in a verv out of the way situation, We have but 
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meager reports given by the captain of a merchant vessel 
sailing in those waters. Some years ago it was visited by a 
scientist of the Bureau of Sciences, who found indications oi 
reccnt explosi ve eruptions and took some photographs. 

A special program will be made for the future elocer 
study of the more active and accessi bie volcanoes of the Phil- 
ippines. It is hoped that the Weather Bureau will join haud* 
with the Bureau of Science in paying systematte artent ion 
to the acti vi ty of sudi volcanoes. 
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SEISMOLGGY AND VOLCANOLOGY IN THE DUTCH 
EAST INDIAN ARCHIPEEAGO 

By S. W. Vissea, Acting Director, Royal Magnetica! and 
Meteorological Observatory of Batavia, Java 

The Royal Magnetical and Meteorological Observatory 
at Batavia has been during many years the leadirig organ for 
the gathering of information about thc volcanic seismic phe- 
nometia in the archipelago, 

Yearly publications of seismic and volcatiic happenings 
have appcared since 1863 in the “Natmjrkundig Tijdschrift 
voor Nederlandsch Indie” published by the Koninklijke Na- 
tuurkundige Vereeniging. 

A monthly bnlletin of microsetsmtc recording at Batavia 
has been published since 1909 by the Observatory* Since 
Ang. 1911 this bitl 1 e*in has contained also the records of the 
seismograph at Malabar, Western Java* 

Important work has been done by the Depaftmertt of 
Mines both on earthqtiakes and volcanoes. Investigations on 
these subjects bave been published in the “Jaarboek van het 
Mijtiwezen in Nederlandsch Oost Indie*” 

The Military Topographical Department has mapped out 
a large mtmber ot volcanoes and craters. (See “Jaarverslag 
van den Topografischen Dienst itt Nederlandsch Indie.”) 

In order to obtain cooperation of the departments men- 
tioti-ed above, the observation of volcanoes is to be reorganized. 
The in tenti on is to organize official and vohtntary observer s. 
Reports on volcatiic and seismic action will be sent as soon 
as possible to the observatory, tliat will cooperate witb the 
mining department in taking the necessary measures. Instru¬ 
ments will be establisheil on the slopes of suspected volcanoes. 
It does not seem desirable to establtsh permanent volcano 
observato ries as an ambulatory observatory in these te iri tori cs 
may do better work. 

The study of epicentra of earthqtiakes in the archipelago 
has started with a research about western Java earthquakes. 
See S, W. Visser, Aardbevingen in en om West-java, Na- 
tuurk. Tijdschr. van Neci.* Indi e 79, pag 181-201, 1919.) 

An investigation about earthquakes in tbe archipelago will 
soon be published in English by the observatory at Batavia, 

Leveling and triangulation is done carefully by the mi li¬ 
ta rv Topographical Service* 
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EARTHQUAKE AND VOLCANO INVESTIGATIOXS OF 
THE UNITED STATES WEATHER BURE AU 

Bv C. F. Marvin, Chief of Bureau, Washington, D. C. 

(Frescjited at r eque st of the Committec on Program.) 

The United States Weather Btireau cordially cudones tite 
resolutions on seismology and volcanology of the First Pan- 
Pacific Scientific Conferente. The limitations of the work 
of the Bureau in these fields at present under the allotments 
granted f>y the Cungress of the United States restrict it to 
the eollection and publication in the Monthly Weather Review, 
of reports of American earthquakes and instrumenta] data 
frorn seismograph stations: the maiutenance of seismograpb 
stations at Washington, D. C., Northfield, Vt., and Chicago, 
II!., and the niaintenance of the Hawaiian Volcano Observatory 
and its pu bl icat ion s. 

It is the purpose of the Weather Bureau to expand these 
activities eventttally as funds become available. A volcano 
statiori near Lassen Peak, California, and another on or near 
the Alaskan Peninsula are desirable extensions in American 
territory of tlie voicanologital observat ion begun in Hawaii 
and that under the Philippine Weather Bureau* 

In matters of publication the United States Weather 
Bureau is prepared to go as far as its funds wil! permit 
in meeting the requireiticnts of resolutions of the Confcrence, 
numbers 3, 5 and 8, dealiug with publication respectively of 
Information, statisties, and educational matter bearing on earth- 
quakes, volcanic erupiions and tidal waves. 

With referencc to resolution 6, recommending the estab* 
lishment of a Central bureau for dissemination of volcano and 
earthquake Information for the Pacific, the offices of the United 
States Weather Bureau in Hawaii is peculiarly adapted to this 
purpose. and if it should be the sense of future conferentes 
that this work would best be entrusted to a single govemment, 
the Weather Bureau would be hospitable to the proposal to 
britig this matter hefore the Congress of the United States. 
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YOLCAXIC TREMORS AND VOLCANIC 
EARTHQUAKES 

By Fusakichi Omori 
(Abstract from stenographic notes.) 

At Asama Volcano earthquakes occur near the moumaiti 
whether explosion* are in progress or not. Earthquakes oc- 
casioned by explosion are ordinarily very small. There are 
sometimes surface cxplosions in the crater which will makc 
a very small record at a distance two kilometers away and yet 
will be registered on the tromometer tn Tokyo. Volcanic 
eartliqnakes entirely without cxplosions are mtich stronger 
than the explosive ones, Some explosione are loud and make 
detonat ion. Others are soft puffs of gas. The seismogram 
recorded at the time of these soft explosions indicates a larger 
movement of the ground than when the loud detonations 
take place. The itante phertomenon was observed at Sakura,- 
jima. In these volcanic earthquakes, the motion is smooth and 
slow if accompanied by explosi on. The first movement o! 
the ground is toward the volcano and tlie secoml outward. 
A volcanic earthqnake accompanied by explosion shows much 
more rapui vibration, The volcanic tremors are qmcker in 
period than the earthquakes, an each volcano has a liabit of 
its own, tremors which appear at times to be precursory of 
larger events— thus. Unzen, Oshirna, and Asama has each 
it f own distinctive liabit. In igm, the outbreak of Usu was 
preceded by preliminary shocks. In 1902 a policeman had 
attended a lecture by me at Torishima wherein he had 
learned about premonitory shocks; tliis policeman chauced to 
be at Usu when the earthquakes began., prior to the eruption, 
and it was owing to bis influence tliat the people were or- 
dered away from the dangerous places. In the case of Saku- 
rajirna the re were forewarnings of t!ie coming disaster and 
an outbreak of the neighboring . Kirishima and earthquakc 
disturbances ali over that province. 

CommenT uv Mr. YVooor There is a type of tremor regis- 
tered in Ilawaii which is harmonte in quality and slower than 
the spasmodic type mentioned by Dr. Omori. The latter also 
occurs in I Iawaii and resembles rather a series of small earth¬ 
quakes. A paper by GaUtzin. written shortly before liis death, 
discusscs the record of a inagazine explosion [5 kilometers 
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instruments which recorded and registered i: by 
an instrument whcrein a pieto-electrie recorcling 
iibcd, Similat devites liave betu itiuch used tinrin 
connection with artillery. 
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SURVEY OF METEOROLOGICAL PROBLEMS 
OF THE PACIFIC 

By Lawbence H. Daincerfield 

The Pacific Ocean embraces an area of about 55,000,000 
s quare miles, equivalent to the entire land surfacc of the globe, 
and presents to the meteorologist, partly by reason of this vast 
extent, many features of great interest and importance. In 
regard to some of these we are already more or less wel! 
informed but of others our knowledge is my meager, and 
many important questions conceming them remain to bc 
answered. 

The coordinated efforts of the several nations, whose 
lauds lie within or about the far-reaching borders of the 
Pacific, arc essential to the proper study of these features and 
the associated physical problems. What appear to be the chief 
features of Pacific Ocean meteorology calling for study at the 
present time are presented briefly below, the object being to 
establish a basis for systematic in vestigat ion in the future. It 
is recognized, of course, that any plan made now, rnust neces* 
sarily be subject to modification. 

The survey may be presented in the form of a series of 
questions: 

1. What is tbe normal distribution of atmospheric pres¬ 
sure over the Pacific Ocean and its adjacent land areas? 

2 . What is the normal seasonal distribution of pressure? 

3. What regions are under permanent high pressure ? 
What under permanent low pressure? 

4. What are the regions occupied by high or by low 
pressure areas, in whieh pressure conditions vary, or indccd 
are reversed, with the chatige of season? 

5. Where do typhoons originate? What is thcir funda- 
mental cause? 

6. What are the normal tracks of typhoons relative to 
place of origin and season? 

7. Do typhoons ultimately, say when they enter the re- 
gion of the Alcutian Islands, become normal extra-tropica) 
cyclones ? 
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8. Are the “Kona stomis” of the Hawaiian archipdago 
a resuit of extra-tropical cyclones? 

9. If 50. what are the circunistances of pressure distribu¬ 
tiori in the regions of the North Pacific high pressure area 
and the Alentiau !ow pressure area which combine to cause 
tbem ? 

10. What are the relations between the prevailing dis- 
tributiori of air pressure over the Pacific and the character 
of the weatlier in the Pacific arca, such as hot or cold periods. 
wet or dry, extending at times over moiiths, seasons or even 
vears? 

it. Similarly, what are the relations as affccting the 
weather of the adjacent land areas? 

12 . What are the interrelations between surface winds 
and ocean curretits? 

13. What are the relations between surface water tem- 
peratures of the Pacific and air temperatures and, consequently, 
the positious of “centers of actiou" and their shifts over tliat 
ncean and over adjacent land areas? 

14. At what average elevations are the so-called anti- 
trade winds found from place to place along the tropica ? 

15. What are the diurual, monthly and anmial variatioris 
in anti-trade wind elevations? 

[6. What are the nornial veloci tics of the anti-trades 
rand the departures therefrom? 

17. What are the relations. if any, that exist between 
volcanic and seismic activity and weather changes ? 

18. What new facts, if anv. can he estahlished with regartl 
to fog? 

19. What stcps sliouh! be taken to increase the practical 
application of meteorological knowledge? 

20. What are the more special meteorological probleuis of 
Pan-Pacific coiwtries? 

As has been stateri, sonte of the features of Pacific Ocean 
meteorology ure already more or less well understood. Tliis 
is true of those appearing under questions Nos. ]-6, inclusive. 
Aclditional knowledge ili regard to these features can ortlv re¬ 
suit from tlie cooperative acti vities of the several Pan-Pacific 
nations. 

Ouestioii Xo. 7, as to whether typhoons liecome extra- 
tropical cyclo nes, has n<jt perhaps been satis factori ly answered 
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and requires fimber sttttly of observations from tlie regions 
lying between Japan and the Alenti au Islands* The sugges- 
tion has been made that in this as well as in other connectione 
fixed or semi-fixed vessel-iveather stations should be employed 
hi the less frequemed regions to supplement reports from ves- 
sels on the established trade routes. 

Questions Xos, 8 and 9 are in a fair way to be answered. 
Results might be hastened by the inauguration of tlie pro- 
posecl system of vessel-weather stations, which would make 
available data from certain nntravelecl waters. 

Questions Xos. to and ] t may be answered as a resuit 
of the same methods of study but a longer period of time, 
possibly several or many years, may be required in so doing. 

Questions Nos. 12 and 13 have bcen given general con- 
sidcration for many years, The inaking of more widespread 
observations and of a more specific stndy of the temperattires 
of ocean. sitrface water and of the temperature*, pressures and 
winds in the Pacific region appear to be nccessary before Xo. 
13 can be answered. 

Questions relating to the anti-trade winds, comprised in 
Nos. 14, 15 and 16, have been considered only slightly and 
before they can be answered manv pilot and sounding balloon 
observations will be required, as well as observations from land 
stations of higii e levat ion along the tropics. 

Question Xo. 17, Iikcwi.se, has received but slight at- 
tention, A long series of meteorological, volcanological and 
seismological observations throtighout the Pan-Pacific region 
and a comparative stndy of the same will be required before an 
answer can be made to this question. 

The specific meteorological probletns of the several pan- 
Pacific countries, refcrrcd to under the head of Question Xo. 
20, are so varied and complex that their presentation would 
go beyond the scope of this general survey and therefore no 
attempt is made to enumerate them, However, without know- 
ing what these problems may be, it is reasonable to assume 
that under the plan of intimate and liearty cooperation cvolved 
at this Confcrence the mere suggesti011 011 the part of any one 
nation of a desire for aid from other meinber nations will 
meet with a quick and intclligent response. 

If methods of procedure were to be suggested at this 
time, they would doubtless be based upon such general con- 
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cepts as ulli forni scales and measures, synchronized observa- 
tious, both oa land and sca, Standard, i sed codcs and signa!?, 
the more prompt exrhange nf reports. inrlndiag a larger rJaiiy 
e*change: and a more liberal policy with respect to the tratr 
lation from one language to anotlier of books and paper? oit 
meteorolo^ical subjects 


Digitized by LjOtiQltr 


llri ginni frnm 

HARVARD UNIVERSITlf' 



METEOROLOGICAL CENTERS OF ACTION IN THE 
NORTH PACIFIC OCEAN 

Bv Edward A, Beals 

About thirty years ago, Teisserenc de Bort, an eminent 
French meteorologist, called attention to the low pressure 
areas over Iceland, and the Bering Sea. as ‘'centers of actioiV’ 
for the generation of storms that visit, respectively, Europe 
and North America. 

Since then considerable study has been given the subject, 
and it has beeu ascertained that besides these low pressure 
areas, the permanent high pressure areas over the Atlantic. 
Pacific, and Indtan oceans, and the winter highs and summer 
lows over the continents are modifying factors to be investi- 
gated when the matter is considered as a wbole. Owing to 
the inaccessibility of many of the regions where ohservations 
are required slow progress has been made in investigating 
these centers of action. 

This meeting is a step itu the right direction for the 
spceding up of much needed work, and it is particularly 
gratifying to meteorologists that a plan for a scientific survey 
of the Pacific Oceait is contemplated. Two powerfui centers 
of action are located in this ocean hetween the thickly popu- 
lated continents of North America and Asia, and they are a 
promising field for thorough and patient examination. 

Professor Hann was probably the first to note that a 
falli ng barometet the Iceland low pressure area produced 
w armer, and a rising barometer colder weather in Central and 
north Western Europe. Changes taking place in the Bering 
Sea low pressure area are generally more pronounced than 
those in the Iceland low pressure area. Reasoning therefore, 
from Professor Ham’s premise, they should modify the weather 
in the United States and Canaria to a greater extent tlian 
is done in Europe by cbanges taking place in the Iceland low 
pressure area. 

The late Professor Garriott, for many years the supcr- 
vising forecaster in the United States Weather Bureau, main- 
tained that when the depression over the Bering Sea is ab- 
normally low. the North Pacific high pressure area increases 
in size, and overlaps the southwesteru coast of the United 
States. This overlapping he stated would cause temperaturos 
betow the seasonal average in that section of the country, 
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Ne also stateri tliat the overlappingf of the Xorth Pacific hi"h 
wotild cause tlie offshoots from the Bering Sea low to take 
a more nortliern ronte than usual in their pregress eastivard. 
As a resuit of these offshoots passing eastward in a northem 
latitude, large areas in the Uniter! States woultl come under 
the influencc of sotttherly winds. and weather mikler than 
the a verace wotild be experieneed over a vide exterit of ter- 
i iiorv. 

Professor Uarriott gave as cxaniples of the dominatui? 
uiflnence of the center of act.on over the Beriiig Sea, the 
mihi mouths of the winters of 1889-90 and [905-6, and the 
colcl months of the winters of 1903-4 and 1904-5. The mild 
munths he belle ved Here laigely due to an ntmsual depres¬ 
sior in the Hering Sea, which extended over part of wesurn 
Canaria and Alaska. and thereby causeci ofFshoots to move 
eastward in ahnormally high latitudes, The cold winter monilis 
of 1903-4 and 1904-5 he ascribed to nmisually high prexure 
over tlie Kering Sea, whicli coritribnterl to make Rritish America 
the seat of an area of high banometer from which cold ivaves 
emanatcrl and moveri into the United Stapes, 

Professor Garriolt"s conchi 5 i 011 s are further confirmet! bv 
more recont data. Dnring the winter of 1918-19 the pressure 
over Heri n# Sea was unusitally low, and the Xorth Pacific 
high was above nomial. The winter tllat year in the United 
Slates as a whrile was mild. hHng the warmest of reconl in 
niany parts of Montana. In the Southern Rocky Mountain, 
and Piat ea 1,1 regions. however, temperatures averaged below 
normal, which was rlue to the overlapping of tlie Xorth Pacific 
liigh in tlie soutliwesterii portion of the United States. 

Again the pressure was remarkabJy high dtiring January 
and the forepart of Fehruary, 1916, in Alaska and Berin# 
Sea, and the Xorth Pacific high was weaker tluin usual. 
Dnring tliis jicriod the weather was ahnormally cold in the 
Xorthivestern States, the nortliern Rocky Mountain region 
and tlie Pacific States. Storms from the Pacific Ocean entered 
the United States at relatively low latitudes; heavv rains oc¬ 
curret! 111 California, and abundant snoiv feli in the mmintains 
of that State. 

Major E. II. Rnwie. wlio at tlie time of this abnormali)' 
cold weather was tlie supervising forecaster at 'Washington, 
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IX C. foreuw 011 February I2th, ibat it was aberat tu break, 
and issued ihe follovring special forecast: 

Pressure distributi oti o-ver Ala sita is aueh a? to indicate tTist rhr 
prolonged pertod of cold weather o\*r the NorthwcMern States wiLi 

^ivc way tn InnpfriliiTrs .lbnvc th e. averet within ihe nexi 

fwu or ihrcc days f and m^cratc lemptralures therealitr during t*w 
cofnirg wetk. 

In the Monthly Weather Revicw for February, Dr, Day, 

L*.e Chief of the Climatological Divisinn of the United States 
Weather Hureau, st at e d: “Warmer weather appeared in the 
West aboLit the etid of the second week and gradually over- 
ftprcad the country to the eastward.'* Major Bowie*s fore- 
cast ■was, therefore, fully verified. 

Weitber fOfeCasiS sLitlikr t 6 the ibove afe -of gtelt Vllbe, 
as the cold had been intense fur fnily six weeks over a third 
of the area of the United States. The Information that ii 
was about to become wxmKr was wekotne news to a tong-- 
sraffcring public, who had boen under heavy expense for fuci 
and in matiy olher waya had been subjected to discomfort 
and extra expense in consequente of the cold weather. 

Major Ilnwie has made a eluse stnriy of the xAleutiau 
low and the North Pacific high for many years, and he has 
fortmilated a ntimher of rules whieh are of great value in 
predicting the weather in tlie United States. The two of per- 
haps most cotisequence arer 

Wiih high pressure orer Aluka, mure prccipitaticm than usua.1 
occurs in the United States. 

Cold wjres oi mor( than short dnralion dt> nat oocur whcn the 

barpTitlrr is l™ av?r r>las 3 ca. wh^rpiR mt?n*cty »--rn<hrr over 

ttic United Stacs cast uf the ttoctcy Mnuntains in gencrnlly miiacijtkd 
wltli high liiriiiVLetet *vCr Aljiki.. 

The Information we Ttoiv obtain from tltese two cemm 
nf aedon is extreme ly ineat; cr. somewliat unreliable, and it 
lias only heen avaiUbk fur forerasting pnr|xises sinte radio- 
telegraphy hecame praclkable. kss than ten years ago, 

In 1913 United States Weather J-tureau established 

stat imis at St. Paul 011 the Pribilov islands. and at Kodiak. 
Alaska. At the sume time amngemetits were made to liave 
reports from thes-e staiions transmittet 3 to San Francisco, and 
tJience to Washington. D. C-. bv the navat radio service and 
lifid lines, Some little while prior to this time weather re- 
ports had beeti transmittet! datly from Dutcfi Harbor by the 
radio serviet, and from four stattons on tht mainland in 
Alaska by cable controlled by the Artny. 
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Later two uther mainland statio eia werc added to the 
Service, vvhith has. maintatned in a fiirly salisfattori 

rfiartittr evCf sitite, The cmly statiori fiXm which rfrpOfts are 
received frotn within the confines of the North Pacific hi Edi 
is at Honolulu, and this is in the Southwest quadrant of the 
Itigh, and for That rca^on pcorly placeri for forecastiiig pur- 
pones, 

The Norrh Pacific high pressure area fornis where it does: 
fir^t, because of cMerences in temperature between the Sonh 
Pole and the Equator: seeond, on aceownt of t!ie deflcctioti of 
tlie wlnds duc to the rotat ion of the earth on its axis; and 
third, hecause the oceati snrface is coldest near the btiuulc 
where causes eme and two operate to produce the forni ai ion 
pf the high- The magnarie of the formatjijn, of cmirse, U 
primarily due to canses one and two, hut cause tliree undotibt- 
erily affects both iis niagnitude and position to a greater or 
less extern. 

It i,-! assumed by the San Franci Sco foreeasters tltat wlien 
live Mtmttier temperature in that city is a bove norma!, the 
North Pacific higli is wcaker iban usual, and wheti the stim- 
mer temperat ure is betow norma I the contra ry condition exists, 

Tlie eoof vvaters oflf the coast of >!nrtliern California 
as cxpbined by Dr. ilcEwen are prori viced by the upwelliiig 
of cold waters, ihat come from ei the r the tiorth or the south; 
presiiiiiatdy the soulh. The prcvailaiig' wiiids at San Frau- 
Cisco are westerly, and San Francisco is close to tlie ocean. 
there fore the.se winds will he warm or cool in accordan.ee 
witli the coiirlitions of tlie snrface water over which ihey lia ve 
blown for sotne di st ane e before rcaching San Fran risco, 

Wlien the North Pacific higb wellc, f(iv if jny offshjoO 
wil) move eastward aeross the North Pacific States, and tlie 
pressure will be bclow normal in the interior of the coivi uri 
west of tlie Continental Divide. This distrabution of pressure 
will resuit in pnrivngcd. un sciti cd weather viithout nmch rain, 
but witli more than tlie usual annutrit of ckmd ineas, 0n the 
fither haud, if tlie Xnrth Pacific high is strotig, there wtll he 
isfifsliCMits from it Crossing the North Pacific States with coii* 
siderable regularity. and rhe weather will he settled, and siin- 
shiity, vvith warm days and comfortably coot nights over a 
large pirlion of ihc Pacific slope. 
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The true measure of the intensi ty of tlie high is tbe 
barometric gradi en t, rath-er tlian ttie height of the barometer, 
and the gfadient is sbown by Ihe strength of the winds. Ry 
rneasnring the intenstty -of ttie North Atlantic high. tlirough the 
strengtli of the ivinda. Galle his becn able to forecast winter 
temperat ures in Central Europe fn>m trade wind data obtained 
durlng the pMceding snmmtr, maintaiiis a good forecast 

*jf lllfr coitiirig winter can be made in seven times out of eighf— 
a high perceniage of accuracy. 

If forecasts of this character can be made for Central 
Europe, ihere is no rea^oti why similar foreeasis cannot be 
made for the v>estem portion of the United States. We wotild 
then, of tntitse, hare to tise the variations in the s-tnength 
of tlie \nrth Pacific trnde wirtcls of the predeilitlg Surtimef as 
a base tipon whicti lo form conci usions, 

Oeean current* move slowly, anfl if it is possible to de- 
termine the temperature of the waters off the Califomia coast 
at or near where ihey are upwelling most stmngty, then we 
slnmlcl kno-vv two or three monilis beforehand wWther or not 
the -neean curreuts fed tay theie waters would be wannef or 
eooIer th&n nsual. Ir can readily be seen that sitch infor¬ 
mat toti wotild be of great value. If we knew the water w r as 

tO be cooler th^n tiMinl, w? wonld -expiet 3. larger hijflh, 
and if vvarmer, a smaller bigh. with in each case the attenclirtg 
w eat lier characteri sties in the Western portion of The United 
States. 

I liave liad charted the monthly barometric readings front 
three station* on the Alent ia it Islands, three on the Alaskan 
cnast, arui- two in the interior of that ■province. The rceord 
«ivers a jieriod from Septemkt. II]!^ 1 q Mfly, If)2C>. itttliiitiVe, 
excliiding the summer ninnths of June, July. and August 
Tliis record makes a toral of 5,4 cliarts avaFtahle for inspection. 
1[ ivns ttrmght by takiug the average baromtrter for the mrrnth, 
it wonld hc possible to sIkjw a connection with the weather 
in the United States for the s.ame month. Thus if the harnme- 
ter was. nnusually high curer Alaska and the Alent iam islands,the 
weather in the United States would be cno I and ivet. wliercjts if 
imosiially km 1 , the WCfltfher wonJtl "hc dry and warm, 

\’tirhing strikingly nesv has bccu obtained frorn stiiflying 
the st' cliarts. hirt tliev confirm in a genera I way tlie cfinchisions 
of Prefessor Garriott and Major E. EI. as to the ctiati- 
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ner in which The changes from high to krw affcct tlic wcather 
in tbs United States. There are octasional exceptiuns, whkli 
protably would be easiiy explainetl if the lield of observat ioas 
covered a largcr arta. 

It should be borne in mind tliat the Aleutiati low is 
caused by a combinati uti of the c (Fecis of the genera] circula- 
lion of the at mespile re and diffcrences in temperature between 
the iv ater and the mainland. In trying to find uut whv it 
ii more ener^etic at one lime than at anothcr, the quesiion 
tif temerat ure should be carefully looked into, 

The tmly temperature reton! from a station in Sibcria 

that I have been aUe to nbtain, synchronous with simi lar 
reeords from stati om in Alaska and Kering Sea. is for the 
winter of 1906-7 (December, Janua it. and February). The 
111 ean temperature of that w inter in Irkutsk was tero Fahr, 
(—18’ CD ; at Eagle, Ala sica, it was —15* Fahr. —26* C.] ; 
and at Dutch H arbor cn the island of l.nalaska at the South¬ 
ern eiige of the Hering Sea it was 33* Fahr < 0 , 6 * 0 . Thic 
shews a difference in mean temperature of 48' Fahr. <28“C.> 
between Fagi e and Dutch Harbor, and a difference of 33° Fahr, 
(i8 ? C,) between Irkutsk jn<,| Dutch Harltor, The&e difTef- 
ertees afe ample to produce the low winter barometer readin^S 
over the Rering Sea, 

It imy be that rhe activi ty of the low is increased be- 
oause the water is wamier, or the land is colder than usual. 
I£ it is the water that it* wamier, then observatione of the 
temperature of the Japati current near Formosa (Taiwan 1 
would prohably give Information of value hy permitting a< 
to know tbree or fonr miwitlis buforelmnd tliat water warmer 
than iisua] nas aliout to reach the Flering Sea. If it is the 
]ami that beccmnes coliter. then weather reports from the in- 
terior of Siberia and Alaska are necessary, for it may be that 
a better understandiiifr of Ilie temperature condittwis in these 
two countrics will ena file predicitotis to be made of colrl speH* 
for severa) days aliead as is now done in the case of colsl 
WlVeS visitiiiff the United States ani! C»n.ada. If i( is- pgs- 
sible to ascertain heforehand that the Aleutian low is abcnil 
to change its positkin p or to beeome either more or less 
energetic. sucli in fontiatioai would have a direct beanti g 011 
the w eat lier that later wil! be experienctd in the United States 
and Canada. 
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In strudying the movetneTits of bw or high pressure areas, 
much more information is needed than a dozen or so reports 
witlely separaterf from tach othct\ and eoveriivg only a por¬ 
ticui of the area where activity is greatest. Dr. Bjerkiiess 
found whn mafcitig weather prerlietioiis in Norwav durtng the 
war, he hari to incresse the number of sralions frnm less than 
ten to about ninety before gelting results worth. whik. We 
shouM have, instead of about te« in the neighborliood of the 
A lenti an low as at present, ito leas thati a hundred to gei 
sa t i sfacto ry results. 

Over a half a century ago. Lieutcnant Maiiry of the 
American navy $howed what one man coutef do in the wa y 
of c lassi fyirig kriowledj^e of the sea for the practical benefit 
of TnankimL His work has been an enduring mon. ument 
for liimself, and a shining example for the men of rho present 
navy to foliaw durmg the time of poaco, 

I hope steps will he taken. at this Conferen-ce to outline 
a piari of action wluch will ha ve sufficient weight baek of it 
to catise the governments of the cowitries bordering on the 
Pacific Occari to take dccided ei et ion in makittg the neccssary 
surireys. not otily for the extensiun of knowledge re.gard in g 

meteorolojgy. but also for the est ensi on of knowledge in be¬ 
lui f of the Associated Sciences represetited at this Conferente 


KONA STOKMS 

RV' Xmwrence II. Dalvcerki^id 

This article in briefer forni but with the addit ion of charta 
and t abies was published in ihe Munthly Weather Review for 
Jtine, 1931, 


LOW SUN PH ENO ME NA IN LUZON 
By WjLlAKd J. Fi siser 

Read at the Conference and published in. the Philippine 
fournal of Science, vol, 16, no. 2, 1920. 
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THE DEVELOFMENT OF M ETEQROLOGY IN 
AUSTRALIA 


Bv Gsiffith Tavi.ok, Associate Professor of Geography, 
University of Sydiiey 

OKGANIZATlOtf 

Sir Thomas Brisbane, wbile Governor of New South 
Wales, started the first meieorotagkal recorj in i&sa, In 
1833 Dindop was appointed Impertal Meteorologisl. The niost 
eminent of ea.rL iiteteorologists was tlw German, Neuririayef, 
who 'Wiibi in charge iit Melbourne from 18.58 tu 1863.. Ilis 
compemllous memoirs have hardly heen equalkd since. In 
niost of the States the meteorologica 1 work was -carried out 
by the state astrononier imtil 1906. The Commonwealth 
Bureiu of Meteorology was instituted in tycp with Mr. H. 
A, Hunt tn charge. 

Tn connectum with this burcau the followittg dass.es; 01 
Statione are maintamed: 

First order; sdf-recording apparatus; three or more 
readings a day. 

S-econd order: Wometer, four thermonieters, rain-gattge; 
Iwo readiiigs a day. 

Tliird order: usttally maximum and minimum tltermameter> 
and rain-gauges; otic reading a day. 

Fuurth order: usualiy rai n-ga liges only; -une reading; a day, 

The Central Bureau is at Melbuurne, and cnntains a staflf 
of lo professional officers and 34 clerical officers, The other 
fi ve State Meteorologists are subo relinat e to the Commonwealth 
Mctcorologlst, but are more or less i «dependent as regaTils 
locat iv rutiler forecasting. Thcir records, howevcr, are worked 
■up at the Central There are nearly 6000 observers in 

Australia, most of which take fuu rth-ortler stations and -Senii 
in monthly rainfall recortls only. The climatological s tat ion s 
number 220, and consi st of second and third*ortkr stattons, 

L T pper air research is beiug largely extended i.11 connecrii>n 
with tttilitary and commercia] a viat ion, Up to the pfeseot re- 
search has been confined to the Central office, though meteoro- 
graphs bave tieen aent up from other bureaus also. A Te- 
volving Kite Tlouse is erocted ott the atirmnit of Strosnlo— 
a ridge some si* miks west «f the federa! Capitol, So work 

I «8] 
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has yet heen carried out here. In 1912-13 a. number of balhn- 
jotidcj were sent up frorn Mclbourne. The records showed 
that the iscthenml laver lies about 10 Icilomctcrs above our 
Southern eoas is, Imeresting resutts concerni ng the depth of 
ihe sea-breezc layer, 3 mi gf the eddy winds (hlghs- -and lowsi 
Wefe ohtained. The corte Iu sions are given in Bulletin ij, 
by Griffitti Taylor. 

PUBLICAT ION 5 

Daily weather Udletiris. forecasis, r-aiti itiaps arui weatEier 
charts are- prepared and issvted to the pnblic. Sturni and fltjocl 
waminjjs are also dtspatclied to the regions e-ndangered. 

The "Monthly Report” clescrihes the chtef features of 
Australia^ weather irum Janua ry igio to Avigust 1913. It 
also includes descriptioris of notable stomis and floods; ahgrt 
ossays on current meceorological piroblems, and suitrniafies 
of recent rescarch dsewhere. Its. publicatinn is temporarii? 
suspende d. 

" Rainfatl Observations"—large memoirs ernbodying ali 
the r-ainfall avcrages, with many graphs and 111 aps—lia ve 
appuared for Victoria, New South Wa 1 es T Queenslaud. and 
South Australia. Similar publicat ion s are beitig prepared 
for Western Australia and Tasmauia. 

A dozen “Research Bulletins’* ha ve appeared eirher m 
octavo or quarto form. {severa! by H. A r H^nt deal ili a 
Cottipert-difriiS way with the chief climatic rlata of Australia^ 
for ex ample Nos. l, 2, 4, 7 and 9, Another series by E, T* 
Quayk has greatly increased our ktioivledge of Australian 
forecasting. Thus No. 3 deals with the origin of flood rains-; 
No. 5 sho\v$ how the wititcr rainfall of southea.st Australia 
can b« approximate ly forecasted; No. 10 -deals with the use 
of cirrus-diift in forecasting; No. 12 describes a grapEiic 
method of recnrding weather data i and No. 15 is an important 
contribution showirtg that mmiimim temperatur es when plot(erl 
oti the chart show where inflows of tropica! air (and conse- 
quently rains) are likely. 

Another series -of bulletins by Dr. Griffith Taylor deals 
with the phy«ngraphic p.nd eegnumie aspecta gf cliimtologV. 
Bullet in 5 6 and 8 deal with the evolutioa of latid fornis in 
Eastern Australia, and the contml of rainfall attd Communi¬ 
cations. Buller in 11 is au economie atlas for tattle, sheep 
and vrheat, Sihowitig the paranuiunt control by rainfall. Bulle- 
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tiit 14 is an attempt to correlate climate? graphically. and in 
troducea; the term “climogTaph.^ It contains a discus sion of 
white settleinent in the Tropics, 

The Ktireau in 1913 issued a handbook on ‘'Climate and 
Wealher*' by Hunt, Taylor anci Quayle, 

Several publications on Australian Meteorology have ap- 
ptared ebewhere. “Tlie Australian Eiivironmeiu.” liy Dr. 
Taylor is a large quarto monograph, showing how f-ettle- 
ment is controlled by rainfall. It contains the first genrral 
stnriy of Australi a 11 physiography and the first contour maps 
of the whole of Australia. (Borean of Science and Indiistrv. 
Melboumc, 1918.) A recent paper by E. T. Quayle. Rov. Soc, 
Victoria. 1920, shows tliat there is an appreciable cffect ex- 
ertcd on the rainfali of Victoria by the irrigation settkment* 
to windward, The Oxford Umversity Press has pttblUhed 
a tcxtbook on Australia ineteorology by Dr. Taylor. It in- 
eludes sections on climatology and aviation, and a new theory 
of the origiu of tropica 1 cyclones. In the American Ceo- 
graphica! Review a series of articles by Griffith Tayior dealing 
with the elimatio control of evoluticn has recently appeared. 

A fairly cornpktc coursc of mcteorology, and cliinatology 
is now included in the Department of Geography at the 
Sydnev 1 ‘niversity. 
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ASCERTAT\ t [\ t C, THE CONFIGURATIO^ oF THU 

PACIFIC BASIN 
Ev G. W. Littlehalbs 
intxoduction 

Ir tbe aijjjortionmerit of contributinus in the field of 
physical oceaitography to the discussion of the scientific and 
practical problems of the Pacific, it has been allotted to me 
to communicate to the Conftroxt a stateitwttt iti re^ard to 
the funda menta I problem of asee rtaSning the configuration of 
the tasin of that ocean. 

The mannae ript sheets of the bathymetrical chart pre- 
pared hy the United States Hydrographic Office, coutaining 
ali the anthentic tEeep-sca soundings, ehow ihe amati esctent to 
w Iridi the ba siti has been sounded and the distribution of 
bottom deposita made ‘known. and prove the inadequacy of 
exisfing measurciiients to dffinf the contoi^rs of ccn%lirali<>n 
beyond the continenta! shoulder, In the Korth Pacific there 
is a tract twice as large as the United States whieh has been 
crossed by otily a singlc liuc of soundmgs about 250 miles 
apart: and, in different p-arts of the Pacific* other trazts as 
large as the continent of Australia remain entirely unfathomecl, 
The majority of sourulings are grauped in two lartes runntng re- 
spectively frora the United States to Australia and front the 
Hawailau isiands to the Philtppines and Japan. No tmstworthy 
contours of equal deplh can be ilravrn beyond the Continental 
shclf, becausc. 011 account -of itisufficient Information, conjec¬ 
ture everywliere arises in attempting to do so. The smjnd- 
iugs have generali y been spaced too widely apart to admit of 
conclmtons ia relati on to even the grosser aspects of the 
eirograpliy. 

SuuildingH rticasured aroutld the bciitldafies of an Cceaitic 
tract do not en abi e the investigator to interpret the configura- 
tion within, since 110 laws of the distributiou of the features 
of the topography of tlie battoui can be foriiHtlaJed for his 
guiilaiice. The features to be depiefed remain forever i» 
the unseeii world unTesponsive to ihe ^aniie degree that i;* 
rea lised iri maiiv other branchcs of geophysies to tbose resonrces 

[ +41 ] 
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of inductive hcitJiKC by which dic accumulat ion <>i mea Mire- 
metits for the portrayal of details of otie part reveal genera! 
principies rendering unnecessary the exeeution af like nicasure- 
ments everywrhere else in the' other parts. 

To define ihose tracts in the Pacific where no measitrc- 
ments of the depth from the stiriace to the bottom of the 
ocean have been made is in itself to offer a prograni oi 
nndertakings for the advaucenient of knowled-ge concerni nir 
the confignration of the oceanic basin, especially if it l>e at- 
teiided wiih an expressum of the intervals that sliould obtain 
Ijc wcen dccp-sca soundings, m order that important rnoun- 
tain systenis may not escape detection. Such an undertakin? 
also requires an account of the extent to which the Pacific 
Ocean has alreadv hecn somided and the methods and ac- 
ctiracy with which the accumulated measnrements have been 
made, 

HOW THE SE A IS SOUNUFD 

ft was not vintil long after astrotiomers had betfun to 
sound out the rcalms of space and to measure the distanoes 
aml weigli the masses of the planets that the mysteries o: 
the depthfl of the occan began to be revealed. Indeed the 
oeean remained almost entirely unfathomed until the secoml 
half of the nineteenth century. In 1856, Maury wrhes: 

Th r mni>t iii^hinntin fvnd hcimliful contrivniiccJi for aound 

iiiKs wtre rt-snricti t<>. By explodinj? licavy chnrpes of pimdcr in tiif 
iJcl a |! st-;i, wlrt-Ti tlu 1 wiiuls wcrc and nll wns stilL the cc ho 

revcrlit-r:itum from the hnttmi miphl, it was held. he h^ard and deptli 
dcimninod from the nite ai which sonud travrls through watfr. Bui 
Ihourili tiic t.xjNJoMon^ luuk phurir many fcei below the SlirftKr. t chn 
wjis silent and the sca prtvc out nn answcr, Hricsson aml others con- 
stnicied doip^en \mh having a cotuirm of air in them which. b> 
comprt j sp^m. wmild stmw the prv&surc of the wati b r to which they rriphi 
Ue sulijcctcd, and ihcrcfore the depth. This piati was fonnd to amwtr 
vvell fnr nrdhiary purpew*. bul in the depths of -B 1 >lue water/ wlicre 
the pre^^nre is ciinal to severa! Imnclreri ;iimnspherp&. the trial was 

nmrc than ilu-m iiistrumctits cotild st^nd. 

The advent of the microphone has enlarged the lin.ita- 
tions of Maury's day by affording an enhaiiced capabili?v for 
the detection of sonnrt waves, wliose employnient has revived 
the rosorL lu aliempls to measure die depth of the ocean liy 
the reflectioit of sonnd waves from the bottom. There h in 
cluded in this pre.se ntation a commi micat ion on * f Depth-Sountling 
wiih Listcuing Devices/* by Dr. H. C. Hayes, of the Engineeritig 
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Experiment Stalion at t3ie United States Xaval Academy. 1 
The method b Uberto successfiilly practiced in measuring the 
depths of the sea is to lower a. line of rope or wixe P under 
th% strain tsf a vT^ight r £rcm the stiriace to the bottoni, In 
sli-oal wateT h lhere is ci&fc ffOcn the ves&tl a. kad itli the i&tfi} 
of an elongaterj truncater! cone attached to a hemp co-rd which 
has prcviously been divided into feet or fathoms. The line 
is allovftd to run o-ui thraugh the ha i vis of a tuan vtho de- 
teets. hy die sense of tottch H tlie instant v/hen the tead reaches 
the tu>ttont r and reacls the depili hy nuting the divisiori of the 
line ivhidi ccrresponcis with the surface of the uater. By 
filliiig a sniall cavit y in the base of the lead with taltaw, a 
quantity of tlie s-and or gravel or mud upoti whith the lead 
strikes betoines itnbedtled in tlic tallow and gives an indica- 
tion -of the kind of bottom soiL 

The rough snrface of a rupe presents an obstacle to im free 
patage ihrough the \vaier P an<h therefore, as the depths inerease 
it is necessary to employ heavier weights to carrv the Irnc awiftly 
iit a striighl touYsii to the bottom. and m&r«Ver f straiiget «*p* 
to bear the inereaseri weight of the lead. In greai depths, the 
size of the rope wliich is necessary is such as to present consid- 
erabk surface to the action of submarine current s whkli carrv 
the line niorc and -more otit of the vertical direction in propor- 
tion to tht dufatiott of th-e pASS-ftge -tif ille lead to the bottoiiV &1ld 

renrler the results leas and les^ accurate- Rloreuver, the wespflit 
of the submergerl portion of the rape in arklittnn to t!ie ivcight 
of the smker fwvi bw?mes so great that a man csnnot Hfi it, 
and r therefore, cannot assune himself hy the sen?ic of tonch wlicn 
the lead hae readied the bottom, and a* the wciq;Sit of the ?uih- 
■nerged part is sufficient at ffreat depths Lo caiise the univinding 
of the red. the line may continue to pass quL long after the lead 
has rcached the bottom s am\ the length ihu» unw-ou-nd may be^tr 
no rei at ion to the depth to be me^siBrecI, in addition to these 
sources of error F there \$ another arisin^ from the clrift of the 
vessel during the period of several liours whtch is rei|iiired ro 
effeci a tlecp aounding with rope, 

Hy the use of wife for soundui^ jCjrcat depths ali the diflv 
eulties and uncertairities wliich characteri se the twe o£ rope are 
obviatwl, for the wire, being; light in weight and nf ^ruali tnss- 

3 The SHfipcr hy Dr. Vt^Vcs vrti* rrncl hy \lr Littlehiilejt, InftirmJV 

licrn re parcius t |ir anerhtpd drscribed m:iy hv i.hcuiaed fn>m [lie fuiiril 
St .1 it* H yi tgk Tripli ic Office. 
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scction, is not p^r^atly affecled by submarine curreTitR, but atlows 
the sinker tn pass swiftly to thc bottdcn, Wllilfc th£ appirafus 

for soiinding the sea consisted of a wetght seewtd to the end 
of a Iiemp co-rd which was pa-id out from a simple rcel on the 
ilet It of a vessel, no reliabillty cemld be attained m die mcasure- 
men| pf «lepuhs, kecansc the cord employ-ed was necessarii}- so 
targe as to hecome a cOIttrollirig dertlellt \i\ the Wtigllt of the 
system. But when the project for ihe Atlantic telegrapli calde 
made it nccessary to obtain accurate measuremetrts of the deptli 
of ihe oecan, Midsbipman Brooke, of the United States Xavy, 
twk the first great step in providing means for trustwoftlty 
deep-sea soiinding by inventi ng an iinplemeiit in wh ; ch the 
smker, enveloping a tuhe secured to the soundttig line, was 
iletached on striking the bottom and left behind whcn the tube 
was dravh'1) up (fig, i, a). 

The modern forni of deep-sea soundmg cytinder is providet! 
with valves at the iippcr and lowcr ends which open upward'*. 
and duHng the ii escent alluw the water to pass freely throii-gh 
thc cjlinder so that it expeidences a minianum of rtsJstance. O» 
striking the bo Itoni, the slackening of the sounding line eausex 
tho trigger to spring back and release the sling (liat supports the 
dctachabk weight. As the lower end of the sounding cvlinder 
sinks itito the bott-om a specimen of tke soil fortes itself tlmougli 
tlie lower valve and lodges in the interior of the cylinder. U'h.en 
the cylinder is hauled up the valves at the top and bottom are 
closcil by their own wdght and the pressure oi the water, aml 
the specimen is sealed until its arrtval at ihe surface, wlien it is 
removeri for exartiirtMiOti by unscrewhtg the upper and lower 
halves of the cylinder. 

In the KuniuliiiEf machine «sed on United States surveyiaig 
vessels the wtre pas#es otttboatd from the reding drum over a 
guide pdUey mouiHed on a. erosdiead that works between twn 
upright guide frames (fig. i, b>* Each of the guide fratres 

ificloses a spira] spring; callet! an accumulator, which is connecte* I 
with the guide pulley by means of a fOpe that passes OVer a 
pulley at the top of the guitfe frame, II the ship |<i suddenly 
lx»rne upora the crest of a wave while the sinker is going down. 
imtead of causing a jeiking strain itpon the sounding line, the 
str^ss is communicated to the gmde pulley, which movei ilown- 
ward iiTitler (he adilitioiial load and extends the accumulator 
springs: and, likewise. when the ship stiddcnly sinks. into the 
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trongb of a wave. the tendency to slacken the sftunding line i> 
cottnteracte-d by t]io rise oi tlie gutde ptilley brougtit about by 
the norma l tendeney of the accumulator sprhigs to contract. 

A ship regii lar Jy cngag-ed in (kep-sea sounding usually ha* 
the soundinfj madiiite nipuntetl at the after enti, and wlten about 
to sound is hrouglit to a staiitUfilL with the stem ro the sea* The 
stray line with the sonnding rod and sioker attschd is leti orer 
the guide pulky and carrfully lowered to the water*s Hge. the 
reguster is s*t to sero, the rlcep-sca thermometer is clamped to 
the sotnitling line: a seaman is mtioned at the triclinii line 
which Controls the velocity with which the wire is nnreeled,. 
auother at the brake, anrl a third on the grating oulskle to 
hantlle the sinteei and instrumenta and to guifk the wire as it 
passes overboard; a lmcliimst is at the lioisting engine. and 
the recorder takfs a jiCsitiort fuf ftsding the Mgister (fig. T. C',; 

When the sinker is let ro, the vessel is maoocuvrecl so as to 
kcep the wire vertical. and tlie frietion line is adjtistetl so as to 
allow it to desceml freni seventy to one liundred fathonis per 
minute. The instant the sinlcer strikes fxrttoin, which is tinnii S- 
rakably indica ted by the sudden release of the wire from strain. 
the neel is stopped by the frietion line atnl brakc, the recorder 
notes the nmllber of tnTrts. nf tllc recl imlictitcd by Ihc register 
iitifi determines tlie depili; tlie craiik? are shipped aiul S-iifficicrnt 
wire is liore in by hantl to allow the end of the wwndinjj rod to 
ciear the hottom. Steam is arimitted to tlie cylinder of tlie lioist- 

mg engine, and the wire is reelcd in slotvly at first, hut finallv ai 

ilis* rate of 100 to 150 fathoms per minute, The last ro fathom^ 
are retkrl in W hand, tllen the thermoilietcr is re»d and tlie 
specimen of the Tmttorn srti! Imiiijght np in file MHinrting cylinder 
is examinent. 

TIM-t FtXTKNT < IT- 1 SOL'SOI NO IX TTIlt PACIFIC, OCtf.lN 

Whilc it musi hc reinemhererl iliai not ait the recorder! 

souvidings caii be laid dowii 011 tlie small scate charts htsued by 
tht Office, yet, xvllere Horte are laid tlowri on the 

cliarts, none have ever been nieasnrerl. Anrl in regifins; where 
soitniliiiRs are representeri, if ali the reconled soiindings coti Id be 
iiiclnrierl in si cati of tlie seticcKon which is ^i\ r en tvhcre the Tootn 
dcK-s not allow more to be shown, there would yet be too few 
jn Rtnera! 10 serve for the dditieation cif contonrs of configi ira¬ 
ti'w i}f tlie botiom of the oceatt. Xevcrtbeless^ tliere are sonte 
|jarts nf the Pacific tvliere tlie itnmlier miri distributiori of tlie 
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tu cain.1 ranirnts ha ve provcrf sufficient to jifford an approa.ch to- 
wa«l a fulfi liment of this purpose, notably tn the Une extending 

fmni CaKfornia te Hawaii, «f wfiich a contoured mip and pro- 
files are published in United States Seiute Kxectitive Document 
Xo. 153, 521UI Cotigres:*, ist Sessi 011. lieing the Report of the 
liesults of the Survfy far th? Piirppse q{ D^termining th^ 
PraChcabi-lity of Laying a Telegraphic Cable belween the United 
States and the Hatvaiian Islands. Althougli, as yet, ihcre is 
little ground upon wliidi to base gcneral conciti si otis, the diver¬ 
si fient imt found io character tze those arras aticmr vvhicli rust has 

Iwen lenrned [irompls a disseilt frum the for rue r view that the 
lieel nf the ncean i* 3 vast level ptain. 

Coinciclent witli the meas itr ement of depili, ottier branche* 
of in format i on besides a knowkdge of the configurat ion are 
Rub»rvd. .Vmong these arc tlie flature aml distributiora of the 
iKittom depewits, and the temperature. salinity, and gas c-ititesit 
of the occanit evaters at diderent depths; and sq it has seenied 
the more ]jertisient to describe the mechanica! operatiori of taking 
soiintting*. becau.se it is by this «perati 011 that observat ion 5 arc 
.supplice) m relation to ruany hranches of phystcai oceaungTaphy. 

lMTERVALS DETWfiEM DBRC-SEA SOUNDINGS 

The intervats between sounditig statioris nui st Iki gauged Ity 
the diniensions of tlie orographical featuries wliose preseucc is 
jnt-eiided tn be discloscd. Leaving ont of considerat i iwi deiails 
of topography and confining the attentio» to fcature-s of the 
■groatent proniinence. inqniry nui st be made as 10 tlie forni and 
damenskins of the slemlerest isolated submarine jHiik that coiild 
be raised frotn tlie floor of the ocea.11 lt> 11 ntoittitaiticms Iteight 
and remam standing lauder the stresses its own ivei^ht and 
ihat of tlie AUptriflCThllbetlt folv of ivitef. For. if the sjiacing 
«f sounriiiigs be such as to give indicat ion of tlie presence of the 
5 leniter est forni that couid stamf. tlieu evidenoe of tbc presenee 
o i any orographicat forms that may exist is likcly to bc afforded. 
Theoreticady, the sbape of an fsnlated s-11 btii arin? |*?alc woidd be 
that of a sol id of revolutio» in uliich the rosis tance tn criishing 
of any horizonta! section is equal to the coniliined veiglit of tlie 
pnrtion of tlie fonnation alHive that sectkin and of tlie stipcrin- 
Ctnuhent Imcly ipf ival^r, 

l.et y dennte ihe radius <if any horizonta! ■iectirin. aml z its 
distance from the top of tlie formaliori, Let K denoto tho 
coefficient of Tcsi>taticc to criishing of ilie maicriiit eoiiiTuwiiijf 
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the formationi w, ttie weighl of a unit, of its voliime; and u" 
the weight of a unit voliime of sea water. 

Accordmgly, iw jyMa — the weight of the formatio n abpve 

any sectian wKo.se ( 3 Sstance frpm tpp ts z. 

2 *w' jy.i.Jy—Tw'j]fMzr= the weight of the witer apon the 
fodiat ion a bove arty section wllose distaiitc f rOni the tnp 

is i, 155 uming the lop of the format ion io reach to the suri ace. 
irK 5 ?’ — the strength of any section to resist rrushiug, and 
ipW JyMz -f 2irw' fjM.dy — nw'Jy *d2 =. vKv* { i) 

HydiffeteriliaLiOrt, eqnatiCm ( I ) bctOnles 

wwy*dz-f'2irw'y,r.(|y — irw'y a ,flz — awK^y.dy (af 

whkh ex presses the condit ion that the incresse of strpngtb of 
any section iti excess of that of the section next above is ecjual 
to the sum of the intreases of the weight of the fonnaiion and 
the weight of the water upon any section iu excess of tlieir 
combined weight iniposed upon the section next above. 

I,cttmg S denote the area of any horizontal sectiop wtms? 
radius is y; and clS, the difTerentia.1 of S, equation (2l may be 
written in the foliowing forms: 

w.S.tlz -f- w'.z.clS — w'S.dz — K.d? 
fw — w' ) s.cl 7 . — < K — w'z) (IS 
iiS flz w— w' (Ij: 

- = (k — w‘) -—-- ( 3 ) 

S K-Vi * 7 . IV ' K — Z 


By integra tion, «[iiaiioit ( j ) becomcs 

w — w’ (K — z) -f* C 
!«?& =- l‘>£ — 

W* v/ 


in xvhicli C is the constant of integrat ion. 
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In the absence of knowledge of the value that shottld be as- 
sigTi^fl tD K p the cp(fli?ifnt q{ r;si$t^nc? |p enishiiig, ibis 
equation has heen us*d m the t^eneralized forni: 

B B P, 

/ m* \ > 1.03 \ e 1446log ti S, 

-loge S ) ( —-hiKc S I 

w ■—w' / g\ 2JS7—1.03 / 

to find from the observet) bathytnetricaJ data 111 relatio» to 
Seine Bank in latitudo 33°S(/N. and longi tu de 14’ 3 t/W., 
Cocos ot Keeling" Islanc! iti latitude 12“ ofi' 5 . and lungitude 
■96 u 5j F Ii., Endcrbury Island in latitude 3° K/S. and k>ngi- 
ttide 171° ro'W.„ Funafuti Atoll in latitude 8° 35' S. and 
longitude (79* 07'E., Taviwni Bank iit latitude 12*05' S, 
and longitude 174° 35'W., and the shoal near Midway lslancl 
in the North Pacific Ocean in latitude 28* 00' N, and longi¬ 
tudo 177 0, 40' W„ the eqtialion tlieir E|-V^rage furm (fig- 

For this purpose Ltie values of £ and y. ex-pressed in 
nautica! miles, were insertet! in the above e/piation, and a 
condilional eqtiation was formed for eath pair of coo relinat es 
rei at i ng to each of the subruar! ne formalioris. From the se 
condi tional qoestions norma I erjuations werc foumd by the 
method of least squares, wliich gavc the vatues fif the c-on- 
siants A and B. Th-e resitlting equatiou it. 

1.87 

1.87 — z =- . 

c (1.446 log 10 *y*) 

and the correspondmg curve, which by revolmi-on aroiuul the 

verti ira] axis woultl generate the avigriige forni, shown in 
ttiG acCompanyiitg- rliagram together witli ofhers vhich have 

been plotteri for purpose.i of comparisoti from meas.urec! data. 
This iti vestigat iun s-hows that isulated forma ti-ons occupying 
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comparatively limited areas at the bottom can and (Io occor 
in the ocean depths, and we are able to assign at once the 
maximum interval that should obtain between deep-sea sound- 
ings taken in operat ions directed toward the clevelopinent of 
the orogfraphy of the bottom of the sea. An interval of eiglit 
miles coupled with a differemiai interval of two miles wouht 
serve for general development, and would prove with cer- 
taiuly the existeiice or abseuce of any forniation risjiig eluse 
to the sitrfaee. Of ali the possible ways in which an eight- 
■nile interval oould lie with referetice to a submerged peak< 
that which would be nost advantageous for a prornpt riis- 
coven of its existence is the condition in which one etid of 
dic interval is at the bottom of the slope and the other near 
the apex, and that which would be least advantageous is 
the condition in which the interval is bisected by the poni- 
tion of the apex. In the latter case, there would be nearly 
equal soundings at both ends, but the soundings at the enris 
of the adjacent two-mile intervals would in ali probabilky give 
indication of the slopes. 
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RESEARCH IX GKODETIC WORK IX THE PACIFIC 

Bv WiLLIAM BOWLE 

INTRODUCTION 

Thvrt is no area on the facc of lhe eaitli where geodetic 
operatioris have been tuore neglected than in tlie Pacific Ocean, 
and it is the hope of ali geotlesists that efforts may be made 
in tlie immediate future to carry on certain projects that 
would furnish niucli data for a stndy of the geophysical prnb- 
lems of the earth. The principal lines of geodetic work whidi 
shoukl be carried ©n in the Pacific Ocean are the followitig : 

i. The determinat ion of longitude of many of the im¬ 
portant islands. 

z. The determinat ion more accura tely of the latituries «f 
the important islands of the Pacific. 

3. Triangulation over the largcr islands, in order to 
fiirnish control for detailed topographic surveys. The tri- 
angulation shonlcl be supplemented by trigononietric levelin^ 
for tlie determinatien of the elevalions of mountain peaks 

4. The determinat ion of the intensity of the gravity 
along the Continental coasts of the Pacific and on many <»f 
the islands. 

> The determination of gravity at sea, 

fi. The determination of mean sea level by tidal ob¬ 
servat iuns at carefully sdected places and the connectio» of 
the se tide statioris with firtn ground back from the shores 
of the islands. This connection shonld be made by precise 
level in^ and the leveling shouid be repeated at intervals of 
say 10, 20 or some other nnmber of years in order ro test 
tlie stabilite of the outer portion of the earth. 

7. The cstablishmenl of earth tide statiotis. 

The above-t nent ion ed lines of work vili ln- taken »p in 
dctail below, 

LONGrrunE 

As is \ve!l tnown. the methoH empkiyed in the past for 
tlie accurate determination of longttude of an island has 
becn the cablc 11 sed in commercial tclegraphy. In ihe oceanic 
areas it is posstblc to determine the longitnde at only a very 
small mimhcr of puints bccaust it is only 'where cable landiugs 
are made that the exehange of time signals over the cable 
can be accomplished* Tlicre are tiow a number of accuratelv 
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determined longi tudes in the Pbiiippine islands and, of course, 
in Japan and in some of the other groups of islands where 
cabtc connection makes this possiblc and there are many longi- 
ttule determinations on the Continental coasts of the Pacific. 
fWtieti Continental ooasts are spoken of. Australia, of course, 
is considered a continent on account of its extensive area.) 
There are very few accurate longitudes ontside of thcse grotips 
of islands and on the Continental coasts. 

We are more fortunate now in having a very easy method 
of deterniiniiig the differences in longi tude. namely radio- 
tdegraphy, It is a simple matter tu receive wireless or railio 
signals from loiig distances with apparatus that is not very 
fTifiirult to trampnrt AII that is needed is to iiavc the local 
time determined by observatioits on the slars with an astro- 
nomic transit and theti to receive by wireless equipment time 
signals sent from anv one of u number of powerful stations. Tlie 
compari ^on of the time sent by wireless and the tocal time gives 
the tltftrrence m time betwecn the tw» observat ion s and, licnce, 
the longitude becumes known, The deteriinmtimi of local time is 
a matter of only three or four nights of sticccssf.tl observa 
iions. ff tliere is any choice in the sclectiun of time at which 
such a comparison of tvork shonld he taken. that season shonld 
be selected when there is most likelilitHtl of havirg ciear 
weatber The rainy season. of course. would be a very in- 
appropriate time, for the making of local time observations 
inight require montlis at a siation where, initier the best comi i- 
tiotis, a weck at a st at ion voultl hc ample. 

It would appear to be desirable that each one of tlie 
large islands shonld have at lea st one accurat ei y cstal>lisliL i d 
Inmgittide statinn and many of the islands of lesser importance 
shoukt also ha ve their longitudes determiued by wireless. 
There are many small islands. often uninhahitccl. of no coin- 
mercial value, and not in the track of vesscls. whose longi - 
tudes inight not be consideret] of prine importante, at lea st 
dnririg the near future. They shonld ha ve their positiorrs 
de ermined in the future with fair arcuracy. Init thk inight bc 
done by the ordinary rnelhods of the navigator, using an ac- 
atrately established longittide stat ion as the point of departure 
of tlie vessel making the determinat ion of longitwle oi the 
smallcr islands. 
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latitcue 

The determiration of the latitude of a pomt on the earth s 
surface is not dependent uu the cxchatige of time siguab 
and, therefore, it can easily be deterntined at any place where 
an astronomic instrument can be set up. One night of ob- 
servations with a zenith telescope on ten or twelve pairs of 
stars wsll give a value for the latitude that is correct within 
a small fraction of a secorul of arc. This is ample for any 
geographic or other scicntific purpusc, 

TRIANGULATION 

Many of the islatids that are dose to others can have 
tlieir geographic positions, that is latitudes and kmgitudes, 
(letermined by triangulation. This, as is weH known, is tlit 
method used in any large area for the establishment of hori* 
zotital coutrol stat ion s to be used in various classes of sur- 
veys and maps. It is essential, of course, in order that tri¬ 
angulation be tlone among islands that there is one island 
available that has tlimensions great enough for the measure- 
ment of a basc line, The base line should be at least onc- 
fifth as long as the other tvo sides of the triangle of which 
the base line forms the third side. If the base is tnuch 
shorter than this proportion, the determination of the lengths 
of the two sides of the triangle would be quite weak and if 
the triangulation should be extemled from those lines for a 
confiiderable Histance, scrious errors might be aecumulated in 
the system. The astronomic longitude and latitude of an 
initia: station woulrl of course have to be determined, 

Triangulation has been carried along many of the Con¬ 
tinental coasts of the Pacific, Japan is completely covered 
by triangulation and this ia, to a great extent, true of the 
Philippines Triangu latiori has also been extended amor.g other 
gronps of islands bnt not to the exterit that is desirable for 
geographic positions. 

in the Hawaiian group some of the islands have betti 
covered by triarigulaLiuu but more wurk should be done 
an early date for the control of the surveys and maps of 
the islands. The triangulation should be done in accorctance 
with the Standard methods, with accurate base line measure- 
ments, in order that whatever is accomplished would not have 
io be dtiplicated in the future, The difference in cost be- 
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tween trian.gnlation of a high order of accuracy and that 
of a low one is very small. An hour's more observatiort and 
i tuore refined instrument ttsed at a ststion wiil malce the 
nork more accurate with practically no additional cost. 

Tri angi ilat ion has a very practicable valite in fumishing 
poitits whieh can be usefl nol only- for the contrai of inaps birt 
tot cadaiitral surveys, that is, for the purpose of furnisliitig the 
coordinates. either recta n gula r or sphericaL for the tuming 
points in the boLinrfarLes of privat* and pnblic properfy, Wh.?n 
s-uch points are cotinected wiLh the Lriangulatiort the boundary 
may be consideret! as beang perpetuated; that is, ali the mnntr 
menis that might he set could be destroyed and yet the pos-ilicms 
occupicd by them could he casily recovered by carrying a triati- 
gutation from tmdistttrbed points to the area for whkb th* 
bcnitidary points are to be reoovered. 

Anyone who has Iiad cxpericnce wtth accnratdy contrahet! 
maps and. tlios? on whieh ther? is no contra! iinJcts tamis the 
great acivantap of hairmg the map that is t rue to sCale and itt 
the proper geographic position. 

A nothe r advantage of having a trjangulation of a jgroup of 
islands alT connected, over the de terminat ion of the Ut i tu de and 
longi tude of separate islands. by astronomic means, is that the 
distatices between the islands cau bc accurate! y determinecl by 
triangulation, whtle uvitli astrono-mic observa tions, we have the 
troubtesume deflection of the vcrticd cjt tlic stutinn error which, 
between. any tw« stations, might be as miich as a large fractum 
of a kilometer. 

\V'e liave one very notablp eas? of local deflection of the 
vertical on the islartcl of Porto Rico. There are ivell estiblishfd 
astroTiomie statioris at San Juan, on the northern shore, and at 
Pofice on the Southern sfroTe of that islaud. Thcse two astro- 
nomic statioris ivere CQnnccted hy an accurate triangulatiotl aero** 
the isUnd. It was found in computing the geographic positions 
trnm the soni hero station, acros-s the l&land to the northern one. 
that the difiemiee betweett the asiTonomdc and the geodetic 
Tatititiles at the northern station was 56 seconds, Th-e differ¬ 
enti: in latitude of thesc two atations is only about 30 minui ea. 

Simi lar situations might arese on any large istancE where 
the water of the ocean is very deep aronnd it, because it ts 
elident that the mass of the island altracts ihe plnmh holi 
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ljecause of the deficieney of mass iti thc occan and thc mass of 
island above the sea. 

The zenith to whieh all observations are referret! in the 
determination of latitude and the meridian to whieh lougiiudes 
are referred are displaccd by the loca) deflcctions and erroneou* 
lati tudes and longitudes are obtained in conse q iienc e. Thus 
the astronomic posiiion is not referred to the spheroid or to wfiat 
might be called the mean fi gure of the earth. 

The triangulation data that are collected over a large gtonp 
of islancs will be of particular value in the determination of the 
figure of the earth and in invesiigations in thc theory of isostasi 
whieh involve the determination of deviati ons from norma! 
densities in thc outcr portion of thc earth. Ycry littlc has been 
dorie in studying thts siibjcet of isostasv. ustnp data eollected 
in oceanic areas. This is a fertile fieltl in whieh work simule 
be done at an eary date. 

It is very desirable to liave determination of the elevations 
of mountaia pcaks and islands, and this could be done in con- 
junctio» with tlie observations for triangulation. All tha: ii 
requires! is to observo the verlical audies un Lhe peaks or islands 
at thc time that horizonta) angles are observed. The determi¬ 
nat imi of these elevations will lie of considerabfe assUtance to 
tiavigators and also to engineers making surveys and niaps, 

ORAVITV O.N L.\NJJ 

One of the niost important geophysical problcms today is 
the determination of the intensity of gravity with the half-second 
peinlulums. The accuracy of the determination s as made in a 

nninhcr of ctiuntrics is of thc nrder of ont or twn parts in a 

miffion. There are iiihiH' grsvtty staticuli established on the 
l»orders of the Pacific, notably in the Western States of thc 
1'nitod States and in Japan. There are otlier stations estah- 
lished 011 islands or on thc sbores of contiiients, hut it is <1^1 r- 
ahle tlial grealer adivit v in this line of work he carned ou tn 
the future- The observations for gravity eonsist simplv in 
Mviiiijiiiir a slinrt pendulum, oiie-fnunh meter iti length. in a 

closisl case from whieh nearly ait the air has heen extracto! 

The pendulum is set in inotion and Ilie mirtiber of swings that 
it makes in any given time, say 24 hours. is determined. With 
a knmvledge of the time of oscillation at a new station and the 
time of oscillation of ilie sanie pendulum a: sume station at 
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which the value of gravity is already known, it is a simple mat- 
ter to conipute the difference in gravity between the two statiori s. 

Gravity is the term applied to the resultant of the force of 
gravi tation, or the pull of the earth, and the centri fugal force 
due to the rotation of the earth. Accurate time observations are 
needed itr this gravity work but tliey can l>e oblained with a 
wireless receiving apparatus from any one of the powerfui sta- 
dans from which time observaiions are sene out. In general, 
three days of continuous observation will give the valuc of 
gravity with an accuracy of about one or two parts in a mil- 
tion. Tt i'» pnssihle to gpf a valnp of gravity that wotild he very 
valuable, but of somewhat less accuracy, by continuous observa- 
tions of 24 liours. It may be that an observer conld 
travel on a commercial steamer and get a value of gravity at a 
port at which the ship stopped for at lcast 24 hours. 

Many groups gf islands, like the Pht lippires or the Ilavvaiian 
blanris, ooukl very easily be covered by a gravimetric survey for 
ihe distamrc belween tlie islaiids is compara tively shon and com- 
mcrcial vcsscls ply bctwccn the various ports with sufficient fre- 
quency to make a camp&ign of gravity observations efficient. 

There are a minibcr of seieutific tises to which gravity 
observatione inay l>e put. One is the determinat ion of a gravity 
formula which will sliow the averagt? variat ion of gravity with 
latitude. Such a formula is frequently used in phy sica 1 and 
Chemical laboratories and b also used by meteorologists and 
other scienti st s, Another use is for the determination of the 
shape of the earth. It is tiot possible to detennjne the size of ihe 
earth by gravity observat ion s but even if the flatteiiing m sliapc 
of tlie earth onlv can be obtained with greater accuracy than 
heretofone. mtich will ha ve beeu accomplisbed. 

The valuc of the flattelling is needed by the geodesists in 
carrying on their work atid also by astronomers in certa in studies 
of :he moon and planets. A third ttse of tlie gravity observa- 
cions is the study of isostasy. It was explaincd above, tinder the 
lieadtng “Triangjlation," how the deflections of the vcrtical 
coutd be used in connection with tbe study of isostasy* Tliat 
work can be siipplementcd bv the smdies involving ihe valucs 
of gravity. 

The subject of isostasy is one that carrnot be consideresI at 
Icngth in this short article. Briefly it is tlie lllrorv tliat tlie 
materiat abovt te vel is helri in ptoce bv tlie fact that tlie 
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column under arty partifubr topographic feafure canta i ns mite 
rial which is less dense than normal. Tlm deficiency of density 
has been found tn externi approximatdy to a depth of 95 
kibmetvrs,. 

The ooean beti 5 are heltl iii a posilion below meati sea leve! 
by tlie fact that the colu mn. immediately under atiy particulae 
secticrt of the occan, down to a certain depth, say 95 kilometers, 
has materia I of greater den-sity t^an no-rmal. The theory oi 
isestasy postulat es t liat the- mass in arty utiit coltmn, Vvhether 
under the oceati or an island or a continent, extending frotn 
fhe surfa.ee down to some depth, say about 95 kilometers belo-rt 
5ea level, is the samc as the tnass in. any otheT unit cnlumn- 
This theory of isostasy has. becomc more than a geodetic prob- 
iem: it is a geologic and also & geophysical matkT, aside from 
jrs aspects as a geodelic probi em. It is "believed that much liglu 
can be thrown on the constitution of the outer porlion of the 
tjrlli under the ooeait, if extensive gravity stations 011 

oceamc istands and aW^ contincnta.1 eOasts are tstabiisheil, 

cfavity at sea 

A problem that has baffled geodesists for may years. is the 
determinat ion. of gravity frora a vessd at sca with sufficient 
acctiracy to bt valttablc in geodetlc studes. Attempts have been 
made from time to time with different classes, of apparatus, tn.it 
tbc restilla have not been as accurate as is tttt-essjify. Dr. O. 
Hecker, 1 Gernun geodesist, some years ago determinet! gravity 
at sca with a boiling puint thermometer apparatus but it is 

1>^lieve<l that th^ uncertaulty in bis r^sults is at [?ast l OO pns 
in (ine millton This is in striking cnntrast to the accuricj’ of 
the gravity determinati™ on land, which is approximate!)’ ore 
or two parts in a million. 

Dr. Lyinan j. Briggs, now of the Bureau of Stan danis,. 
Washington, D, C., has devised ati apparatus which in its 
essentia! principies conststs of an air chamber lieltL at a 
iiniform temperature, and a colunvn of merenty, The height 
of the colurna of mereury varies with the intensiiy of gravity, 
This apparatus gives r;si;Sts consicjerahly mpre KCltrjtt thaii 
tliat of Dr. Hecker but stili the accuracy is not sufficient. 
Otber attemp’s to observe gravity at sea have bcen madet 
orte of them being by Duffidd of England, It is not kmnvn 
jnst wlmt accuracy he obtui ned in his observations but it was 
probably not better than that of Briggs. 
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Gravity ob&vrvatioiis lave hrcn im<1c <n: \rclic ico ln 
explorers, no tabi >■ In Kanscn during the Lrip of tlie /Vtjwj in 
iis firift acri»>> itu* northern pular seu. Vn arnutmt nf iliose 
observatione is contained in the report m; his espcilith n h-. 
Dr. Nansen. It i’ bidicved fcasible tu *4)serve gravity ac¬ 
curat ely uri an ico fieltl, providet! it is possible t<i secti ne ac 
curate time observations. Tliis can mnv he clune hy radio- 
telegrapbv. Nansen used the ordina ry pcmlttlnm apparatus 
iti his observations. 

The writer believes thnt it is feasible tu detcrmine tlu' 
valuc of gravity ai >oa uith llic ordinare pendulum ajipunitns 
used on land. The apparatus slunihi he suspendet! in gim- 
bals and the pendulum shoulil Ite stvting in tlie vcrtical piant' 
thniugh the bow and stem of the voseb It lEti- were done 
on a vessel of considerabit kzv. say ut ten or fiften ilmu 
saml tonuage. iluring modera*vlv mmoth noather, it is reuson- 
ably certam that there shonM he tu> eflfect on tlie permd of 
the pendulum duc to ihe pitcliiug of ibv vessd. In fact* vrith 
only moderate scas, sucli a vessel would liavc no piteh. \ 

vessel will p of course, mll beforc it will pi:cli, Init ii the pcinln- 
lums are suung in tlie direction of tlie bon and sterti, t 
moderate roll vvould ha ve very litlle effert on tlie pendulum. 

The effeci of tlie r<dl of llui slii]> cari ls. - nutcll lesseiled bi' 

allmvitig the knife cilgc or tbc plane on whicli tlu- pendulum 
head rests, to rutate about au axis pkiccd loi gitudinalh u iih 
the fore and af: axis of the ship. The pendulum cotild he 

standanlued for varjotis concittions that w'>ul■ 3 he encoumcred 
on the ship. 

One of tlie correctinns that would ha ve tu W npflicd t. 
the observirig period of the pendulum woultl he the eftect 
of ivhat is callcd flexure. This metion of the pendulum case 
is due to the cflfect of the swing of tbe pendulum vliieh is 
supported on a part of Ilie c;t>e. 

Time observatious for the deterni i natio ri of the period of 
the pendulum cotild hc received over ihc iditps \virele:-s ap 
paratus. This conici bc obtained from u runnhei ui observa 
tortes and thus the rates of the chronometers used in the 
gravity detenti i nation cotild Ire very acciratdy fcmiid 

It would, of cotirse, lie impos si Me to >iup a large ve^scl 
for sortie hours in order to detenniite i n valne of iravin 
at a place on the ocean, but observatione that wouhl bt* veli 
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v r 'ort h while and of considerabit: value could bc ob-tained by 
observing the swing tif a pendulum for orte or two hours and. 
by takiag the mean valne of The period of the pendulum as 
Ilie value for the mean position of the vessel during the 
observations, There vvoulrl, of course, he some error in thLs. 
Init it woutd he compar atirely strial]. 

If such an apparatus is proved lo be efficient it is hoped 
tliat o»e maj’ he «sed in the near ftitttre P for values of gravi ty 

at sta Y'|ii(1i are accurate within a-hoi.it ren ]iart!i in a iiiillion 
are verv mnch needed, 

m 

TIDAL OBSERVATIO V& 

There Bre a tlumber of scielltific rcas-cuis for Carrying 0« 

lidal ohwmtions aiong the enasts and on the Lslands of the 

Pacific. Much worlr has been done in such places as the Phili p- 
|Mne ishrtds, Japan, Australia, and the United States in cs'ah- 
lishing the plane of mean sea level but at is d esi rabie that a com¬ 
prehensive plan be adopted which will throw light on the slalni- 
itv of the otitec portioo ii f tlie eaftii, «fofteou&ly called the crti-r 
by niany scientists. It is not mily mtce-ssiry to establish tlie 
plane of mean sea levd hut this plane shciuld be referred by pre¬ 
ci se te vel i ng to substant ial bench marks placed on ground that i* 
not likely to be changed by the works of man or nature—that i< 
loca! works of nature, I have in mind tlie desirability of extetul- 
ing the line of levcls inlatid beyond tlie sedimentary materia! that 
lias lieen un Consolidated, It is a wcll knowi fact that aliu vial 
deposits of rccetit times -do sottle. This has tx-cn nndeed in 
recent ye^fs On the delta of the Mississippr River, nhere liiteS Ol 
precise levds ha ve heen rerun after some years, The tidal bench 
marks shrmkl the placecl 011 outcrupping rocks or on land that has 
everv appearance of hdng stable, a? far as seltling or sfirinfcinsr 
dtie to Incnl causes is concemed, 

Jt requires approximat ety three years of continuoilS tidal 
rVliservsilions to establish mean sea kvfl ivi,th an -errOf IlOt grfattr 
than alienat one centimeter. Mean sea level sltottld be establi^heJ 
hy such series of observations at freqnent iiuervals along the con¬ 
tineri tal consi of the Pacific, say at intervals of loo miles or so. 
and observatione stioultl also be made on the larger i stantis of 
tli-e Pacific. Tliere may !>e an especial case whcr-c an islaiif! is 
very reccnt, duc to volcanic activity, where a tldal station sbould 
ht- establislied for ispeciat reasons. 
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At caeli of the sta Mons tlic permanent bench inarks should 
be cstablished as- is mdicated above and at intervals of iq> 20 o-r 
sorat other n umber of ycars. tlte precise leveling should be rerun 
uvith a view to ascemirung whether cr not the relative elevat ion s 
of the hencli marks have cbanged. It would be a civi sablo to 
hav-e the bench marks located Ln such a way that it would be 
possible to get the differenee in elevatwn in two directioris. For 
instance, in a north and south direction and also in an eant and 
west direction, Tliis would thow whether there was a tilting in 
atiy direction, while if ali the bench inarta vrere establisfierl 
alonjf a straight line, there might be tiltirtg; of the surfa.ec which 
mjght escap^ dctcction by the renitlrtin^ of the line of Itvds. 

Observat ion s should be made contitiuously for an indefinite 
time at a few of the stations. At sume of them tidal observa' 
tiorcs might well be repeated at intervals of a number of years. 
With a few slations running cnntinuously, there would be means 
of learning whether there were regional ch anges in mean sea 
level. The writer does not feel that trmch can be leamed in 
regard to the tilting of the earth in a shori nu tiibtr of years. 
It may be that hurtdrcds or thousands of years are uecessary to 
sKow atiy decided ehanges iti the felit ion ef the firm gnvuiul 
bick frt>m the coasts and mean sea level or between an islatid 
and mean sea level, but it is wdl to start now a well cotiskierert 
plan whicti egn be carried out for gdifrations to come and 
modihed as concjstions may dettiarid. 

The cost of establisbing a tidal stat ion anrl keeping it in 
operation for tliree years would be very slight. The recording 
is Automatic and wquIlI require only a few m imites of a ]*.t- 
son’s time eacli day to wind the clocks and to make an observa- 
tion of the staff, m order that the ba.se line of the recording 
cie vice may be known with rei at ion to the reeord of the heights 
of water. The apparatus could casity bc carried from place to 

place and es-tnlillstied in 9 very few days at a small COst. Et is 
believed that each nation, having Pacific shores and islands, 
woulcl caro for the tiflal work of its own possessious, and it 
woiild not be necessary to Ita ve an intertmtional scient Hic Ividy 
to carry 011 snch work iodepencle^tly, 

BARTH TIM 5 

A new kind of geotletic work lias been deve Io peri in vety 
recc-nt y-ears, namely tltc tncasnr-crn-em cartli ttdcjs. Tbls 15. a 
niatter that had been given eoiisiderable attention by the olri 
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Jmernational Geodetic Association but the results obtairted by 
tlieir apparatus wcrc nuL eiitirely satisfactury due to tlie limita- 
tions of the instrument The problem of apparatus has been 
beanti fully solved by Prof, A. A. Michelson of the Uni versit}' of 
Chtcago. He has ati earth-tide station at Williams Bay. tt"is- 
consin, that has been in operation for some lime and the obser- 
vations there have been ali that atiyone may desite. 

The apparatus consists essentially of two metal tubes. placet 
horizontally in the graur.d at a depth of about six fcct in a north 
and south and in an east and west direction. These tube* are 
partly filled with water and the movement of the water in the 
tubes. due to the ttde-producing changes of the sun and moon 
nre observed by the intcrferomecer method. 

These observariens Show the yielding of the earth, undet 
the tirlc-producing influcnccs of the sun and moon. The water, 
nf course, is free to move under these forres and the different* 
between the observed movement of the water and the movetnent 
that would take place on a perfectly rigid earth is a measure of 
the actual yielding of the earth itself. 

From the results of these observations of Prof. Miche‘$on 
ccrtain physical properties of the earth*s maienab Can be dc- 
duced. such as elasticity and visrnsity 

The Director of the United States Coast and Geodetic Sur- 
very has had a conference with Prof. Michelson and tetitative 
pians have been made relative to the establisliment of a Michel¬ 
son station at Honolutu, near tlie magnetic observatory of the 
Coast and Geodetic Survcy. Prof. Michelson has outlincd to the 
American Geophysical Union a plan which should be followed 
in tnaking observations over the whole earth for tlie determina- 
tion of earth tides. It necessarily contemplates observations 
along the coast of the eontinents and oceanic jsiands and in 
varicius coimtries tif Llie earth to test the earth movenients under 
the tide-produciilg forces in viriolis areas. It is sincerely hoped 
that tlie Coast and Geodetic Survey may be able to carry out it? 
plan to establish a station at Honolulu, 

The cost of snch a station would not be excessive, the Prin¬ 
cipal expense being the piirclta.se of the instruments and their 
instabat ion. while llie co,si of mainleiiamie wuuld be ahnost notb- 
injr if the station wcre estabHslied near some other scientific 
laboratory or station where an observer could change the graphic 
record each weck or at some other interval of time. The record 
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is automalic arui <kjcs not nt-nl lio uri) or ilaily attrnliipn bv the 

observer. 

There are other pliasts of jjeophysics uhicli are ot' much 
interest to (jeodesists bnt they eannot bc considered as strictly 
geodetic. Sucli are the studies in seismolotty and in certam 
phases of volcanolojry wliich fumidi data for use in studying 
the rjuestioii of the distribution of densi u in the enitor porlion 
of the eartb. Th ere are, of cmirse, a miniher of pbuses ot 
jjeoloj^y which are al>« of particulai interi'-! W the geodesiv> in 
t!ie study of isoslasy and the deflectioii ut' the vertical. l'n- 
(toubtedly tht-e phases of geophtsical sciente witl Ik cared for 
by the workers in those fields. 

There is a jfeodetic work which ! have not vet mentioncd in 
this paper, because it iloes not materially atfect the explorat ion 
of the Pacific. This is the variation of latitudo. This in a stth- 
ject of importante to geodesists and a^tron orner* and undmibt- 
edly wilt be takeii care of hv oric of the in tertiat i onal uninns 
orffaitized under the International Research Cmmcil. at I'. rus¬ 
seis in 1919. 

This paper is. of course, desigtietl onlv to sltm the preseni 
conditum of jjeodetic work in the Pacific, to muline in a very 
General wav the probleins in that area tltat are beforc the ireo- 
desisr and to snggest methirU and Standard* of aernraev u-hich 
sbould be followed in attackm^ the vast problem liefore 11-. 
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SUKVEY OF SHOKELIXE AND COASTAL WATEUS 

Bv J. T. Watkins 

The purpose of the survey of the shore line and the coa>tal 
waters is to collect the data requirecl to map the topograpln of 
the coast region and chart the hydrography in ali depths les* 
than onc thousand fathoms, tagether with other rclated ocean- 
ographic informationi. 

The material gathered should be po complete and detailed 
that it will meet all the requir ement* of Science, engineering and 
navigat ion, and serve as a basis for, or be supplementary to. the 
varicus operations conducted in eonnection with assoriated lines 
of scientifie research. 

The exploratiori of the Pacific region presents no prohlem 
whicti for interest. magnitude and importante Mirpas?es the 
operations coti templa ted under tfiis project. 

The results here sought are eminently practical and of 
nlruost universal importance, through their riireet bearing uptyi 
many vital economic Inlerests and various scientifie subjecti. 
The navigator's dependence upon the charts and other hydro- 
grapliic information resulting from such a survey necd only Ix: 
mentUmed : and the interest of any onc natioii in that conncction 
is nnt limi teri to the confines of its dwn Coastal waters. but evi- 
detitly extendi to a!l regions penetrated b> its eoiiinierce. 

In soiue regi otis wherc surveys are very incomplete or 
entirely lacking traffic l>y water may be impracticable, if not tor- 
bklden ; in other seetions it may operate to retard loca! devclop- 
mrnt: but in any case, in all unsurveyed waters a heav\ and at 
tiiiiv prohibiti ve tax is levicd agam si trade threxigh high inMir- 
arce rales and excessi ve property losses. 

The e iginecr s interest in hydrography and topography dif¬ 
fers from thnt of the navigator only in degree and but slighth. 
His various construet ion probi em s in the region of tnlal waters 
are fref|tiently impossible of readv and satisfactory sol ut ion in 
the aWncc of such preli winary data as are aflorded h\ the 
liy drographer anci topographer. To the scienti st the project is 
of prime importance as it will supply him data indispetrahle to 
his work in eonnection with the exploration of the Pacific and 
give to his local intensive studies a greater signifkanee and 
broader interpretation. Many subjects of re&earch in tliis field 
will profit bv the work, whether they be phvsical oceanography, 
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geology, meteorology, hotanv, etlwology, soalogy or otlier 
Sciences. 

It is true (liat something ha.* betit aceomplished ailong this 
line: subimrine Telief Itas been deterniined to some extent in 
certa in limitcd arcas, and incident alLv considerabit materia 1 has 
been collecteii on the- subjeci of tides, Bm tliere has beer tn> 
jqjeneral plan adopteel for the entire regio n r and in those relativ-ely 
Limited areas where a special eflfort has been made to complete 
the liydrographic sttrvey, it is at once apparent from the puti- 
lisbcd rcsnlts that ali the severa! subjecta involvcd lia ve not been, 
ilevfloj^l systemati cally*. 

The pnblisbed charts uf the Pacific rcgioei show a.1 onte the 
relatively small part of the work accomplisbed, its incomplete- 
ne.« and tmphaiard distributiori. In tts relation to the project 
the prnportion already done is rather in significant and ivill con¬ 
stitute an unini portam factor in the formula! ion of programs 
and e stimat.es for future operatioris. 

The principal vahw of previous wcirk is found in the im- 
]K>rtant development af niclliods and means, wfiicli in matiy 
field processe* have Attained a fiigh. degree of eflfoctivttiess and 
cfficieney. 

In vieiv of Ehc magiiiLiule, importante and tirgency of thu 
projcct, it is apparent that operatione sbould bc begun as soon 
as practicabk an<l conduct-ed vjgorou?!)’ in accbrdvKe «dth a 

comprehensive and consistent general program. N‘ot ouly is 
lliere greal need for immediate restilts: btit tnany of (Ite phe- 
tiomeni dea It ivith. such as dio reliti e dianges, subsit Se nce, einet- 
.Sfence, tities and current s, are in a ni casure cyclic In occurrencc 
anrl the characteris fies of their periodicity can bc determined, and 
the relation of rause and effeci establislierL only tlirougii long¬ 
urie* of continiiou* or interniitletit observat ion s. Sucli series of 
observati otis shutitd be miriatecl at imce so that the uccessarily 
deferret! final resuit» may become availaWe as {*arly as practkahte. 

The fnndamental operatioris of the snrvev are esseutially 
ine usurat inna 1 and lia ve to do large ly with the deterrui natiotv of 
positio» or cfoange of positi oti in tli-c vertical and horizontal 
ida nes. It i& neccssary therefore. in order to nttain a desirablc 
utiifornuty, to deline and c leter mi ne certain plancs of referenc? to 
ivhith ali mcasLireTtienls may Ile rtfp.tfetl ivitllOiit ([iicstioii or 

tmemainty. Horizonta! pnsition should be definefl hy geograpiiic 
codrdinates esrablishcd hy astmnoniical nhscrvatioiis in conjunc- 
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tion with a system of triangulatLcn, and where feasible extended 
by triangula tion or simi lar operations to fumish local control. 
The resulting permanenti/ moti ume n te d local control points 
serve to establtsh present relations and to reveal changes due io 
differentia! movemcnts of featnres. These operatione are con- 
dncted with considerabis* farility on shore; but m off-shore 
work the attainment of a satisfactory dcgree of precision in the 
determinatioti 'of horizonta! position presents many difficultics: 
while in oceanic depths our present methods do not meet the 
requirements. especially when applied to the development of sub- 
marine relief; wllich is an arlded fcason for a more thorough 
stiidy of type fontis in the shoaler waters and nearer the shore. 

Elevations shotild be referred to meari sea level and aii 
beighls and vertieal movements riefineri in relation to that refer- 
ence surface as a comrr.on datum plane. This plane should be 
established by means of adequate series of continuous tidal 
ohservations at slations so distributed over tlie region that Jrorn 
them it will be readily possible to determine the plane at any 
desircd immediate point, This local estension of the datum 
plane, or snrface of reference, over the general region should be 
effected usually by means of precise levels and to a less extent 
by water leveh; and in connection with ali tidal and ieveling 
operat ion s there should be established permanent betich marks. 
sufficiently n umero us to meet all requirements. 

liased upon such liorizontal and vertieal control systems 
there should be cxccutcd a topographic survey o£ the coast 
region, evtending inland tn the head nf tide-water, and, where 
that di st ance is relatively slight, then to the rather more stable 
interior which may be regarced ordinarily as beyond the 
inHuence of those agencies which operate to morltfy conditione 
in the Coastal regions. 

The shoreline should be determined with a riegree of pre¬ 
ci sion to meet all usual nectis, cxcept possibly those of the con- 
stmcting engitieer, and for bim it should supply all data for 
reconnoissance and general loca tion studies, The contoured 
relief should give the eharacteristic fornis, varied in the amenint 
of dctail according to the importance of the locality: special 
note should be made of all evidences of relative movei rienis of 
lar.d and sca stich as elevated beaches, submerged forests ot other 
i dent i fi abi e fonns: cultura! featurrs are determined in order that 
horizoiit&l and vertieal movements and other changes in the 
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rejfion may be revcaled by means of successive surveys, and such 
as are promi nent or conspkuous features are carefutly located 
and descrihed for use as signals lor otVier ope ratio ns or as navi- 
gational aids. 

Submarine relief in all caces sbonld be developed in sueh 
d eTii.il as to show distingnishing characteri Stic fornis; especially 
in their beari ng upon the relati on betvveen the various katures 
and the fortes which operate to produce them; and to reveal the 
sirciilarity and even identity of submarine and stibaerial relief, 
where they exist. The character of the bottom diould be deter¬ 
rui ned and speci mens collected where possible so that the mate¬ 
ria Is en couti terec! may be fidly described and their distributum 
and occurrende outlined with certainty. 

In this region forces operating throtigh erosion, transporta- 
ti-on and depositiori are very active and it is neces-sary that inten¬ 
si ve StltdicS. rilay be litTitertaken to reveal theiT laws in ore! er that 

they may l>e controlted or utilized. The limitations upnn sueli 
work are the ciepth eticoimtered ani the distance from shore. 
Operatione of a high order of predsion anet giving nmch detail 
may be extendel to depths of ICO fathoms, and off-shorc to dis- 
taiiees of io to 20 miles. Less satisfactory results are obtained 
when operat ing in depths of joo to 500 fathoms and beyond the 
range of vi sibi Iit y of hx-ed signals; the limiting conditions are 
reached ar about 1000 fathoens, where considerabis -dea<l-r?ckon- 
ing^ iS invulved. Bcyond the IOOG fathurtls Curve neither Jetailed 

development nor prectee potit [on cati reasonahly be expectecl. It 
seeins. however, an admissihle assumption that the generat con- 
ditions, in depth? greater than iqoo fatU>rns, are of a more tim- 
fcjmi character than those in shoaler waters and in consequence 
will not require the same cbse development. 

In the insfiore waters many changes are comparati vel y 
meent or are now in progress, Submerged topographic relief 
features frequently p-reserve their origina.1 forms or arc but 
slij^htly moctified. Changcs in shordine arc takingpbce assboals 
and ffist laitd are modified. The di flerent i at ion of the tatises of 
the severa! changes can be effeeted only by means of successive 
cletailed surveys of the relief, in conncction with rede terrui na- 
tions of mean sta levet, and the various contrai referente poiuts. 

V-ertical ani horizontal mo vementi? of the vrater in tiles and 
currents tisually present problems of grealer complex lty in 
constal regiens than elsewhere. Tlie gravi tational, mete oro logieal 
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and other caiises involved operate singly or in combmatiou. under 
sitcK widely varying c on figurat io ti of the enclosing basin, thai 
the resnlting tides and curretits are so complex tliat they will 
doubtless hav« to be given. as thev certainly merit. more time 
and effort tlian will bc rcquired by any other occanograjdiic 
snbject 

Ticlal and current data should be so complete tliat rotidal 
and cocurrent lines may be drawn for all the waters covered by 
the stirvey: not only for time of occurrence, range and veloci- 
ties. hut for all the characteri sties of the periodic. nonperiodic 
and seasonal changes in both horizonta! and vertical mo vernent' 
of the waters, 

Along with the survey of tbe submarine relief and tide> aml 
curretits, sistematic temperature and salinity observations should 
I* made, and also the determmation of such other physical 
Chemical properties as may be feasible. The^e data, together 
with complete meteorologica 1 Information, as far as possible, are 
indispensable to the interpretat ion of the tidal and current 
residts, to which tbey are related as cithcr cause or efTecu m 
varying degree. The imterial collected should lie of such a 
character as to snpply all data required for its representation on 
charts by means of isuthernis. isohalines, isobars, etc„ and ?o 
extensive as to cnver the enti re region of the survey, 

Tlie topographic and hydrographic operations frequentiy 
offer excellent opporUinities for work in terrestria! magnetiwn 
atid thongli the determination of tbe characteri st ics of the tcrre £ - 
trial ficld may Iiave only an iticidcntal bearing upon hydrograpliy. 
and even k>s upon topography, tliere are certain evident advan- 
tages resti It ing from conducti ng the operations simuluneoitsly. 
as <iften the genera! niagnetic reconnois sance made in this way 
cmild nut olliervt ist W uxeculed with tqual facililv. if au all. 
Tlie prvgrani should include mea&urements of the declinat ion. 
dip. inteusity and secular change. for representation hy means oi 
i sugente and isodynamic dia gratus co-ex terni ve with the regi nn 
of the work, 

ft is evident tliat the completiori of the operations indicated 
marks tlie cln^c of only the initial stage of the general survey, 
Not only are severa! of the phenninena under considerat ion of 
regula r periodic occurrente, and their characterisiics can be de- 
termined only by means of repeated sttrveys or lotig-coutimwd 
observations; hut many changes of more or less irregular 
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occurrence will take ptace after The firsi survey and will require 
successive re-visional surveys and inqyiries inio their caules. In 

regions Subjeet tx> change or where change is su&peetetL elwk 
measuremonts will ha ve f-o be made at intervals to establish the 
Mability of conditionis or detect moveuientSi in their incipicncy, 
Many feaiures devdoped In a rathcr gencrid way by the atirvcy 
may merit ctoser stit<ly and require detailed local s-urveys, Ofleta 
data mipplied for use in comiccttort witli other relate» 1 siibjectsof 
reseanch witl in its new applicat ion rcvcal the neetl of a very.con- 
stderaMe extensinn of the surv-ey atang sanie particular line.. or 
indicate even the necessity of ob*ervatigiis of a diaracier not 
previously co-ntemplatecl. Aside from atl considerations of 
available means, we ntay tlierefore regard the work as not pos- 
siMc of completion in the near future, 

Thtse operationis sbould enabrace in their scope the, entire 
Pacific regio n, and should be coiuludnl in a systeni anc mann-er 
no as to give resulta of uniform character, 

To accomplish this piirposc it would seera tksirahle to carry 
mi the work throngh sonie directi ng or advbory International 
cooperative organi zation created atul supported T>y the eountries 
intere.sted- It is vef y dcslfable lllat tllliS btlTtrSII LllcLudc iit its 
nteniber&liip ali privata institutionis coiit ribiifitig restiU-s that will 
a id in the soluti on of the prohleuis iuvolved in the exploration of 
tlie Pacific. 

Sucii a burcaii woukl be inore likety to obtain prnwipt and 
satis faetory res 11 Its, esp-ecially in locali ties which are of great 
scient i fic inter est and little commere ial importat ice. This saire 
ageney could my well undcrtakc surveys requiret! within the 
terri-toriat limite of coimtries laeking means of doing snch work. 
Jt c-cmLd with propriety and advarttage do tnudi of the Work 
necessary in extra-territonal areas, 

Generally, hosvever. it will not be die pkahiire of a nation 

to ha ve surveys lYithin its territor ial tuTlite exet uteri hy any otlici - 
organication fhan its own liydrographic bureau; or it may liavc 
tmsurveyed areas of sucti commere ial importanec that it would 
T>e liiglily preju-rficial to the national interests to await the proh- 
ably considerably delayerl exeention of surveys in aocordance 
witli soine genera I cooperative plan, It would die re fore appear 
that snrveys of iliis character should f>e made by the nations 
iMrectly interested; but as far as possible, ali indepeudent wnrk 
of this sort should oonfonn to some gencral progratn atlopted 
bv the centra! dlfKtory and aflvisory bureau. 
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Equipment for operations at sea will require special atien- 
ivon. It h not likely that any vessels now avaikble will prave 
eiitirely satisfactoty for hydrographic worlc, excepi tht relatively 
few that were designed for the prnpose and are rtOW in s£fviM. 
Small naval eraft and yacfots may serve as makeshifts; but for 
continuous efficient Service it will be necessary to bmld vessels 
for tliis specEaliipd duty, and give duc considerat ion to climate 
and other local conditiotis pecu! ia r to the regio ns in wliich they 
wtll operate, 

The instrumenta! Cui (it iOw sivi iliblc is iliSttptiblc cf Lm- 
provement in many ways. and inerits. sericus considerat ion. 

For The determination of position in off-shore worV it ii 
very desirabie that observationis should be made during The night 
and for tliis work sotne iorm of artifieial horizon is rtquired; 
^v^ral types that give promise of success are now devtdopiug. 
In tbis conticet ion the wirekss has worked a grtat tmprovertteiit 
in ali determinatione iuvolving time; but the resttlts of lts appli¬ 
catior in the radio-compass lea ve tnuch to be atcomplished. The 
more general use of soun-d-raTiging de vices for fixing positions 
outside the limit of visibility of s!gnals f shCutd be encouraged. 

Deptli detcrmitiations by riieans wf reflue tcit souml f rom the 
tmttom are reported to be feasible: and though it tnay never 
supplant the Standard method of souml ing. the re is a possibility 
of it twcoming a valuabfc supple me ntary device, 

In tides and ciirrents mueh remains to be deme: regi st eri ng 
meters are stiti complicated and c»stly and their genera I use in 
extensive spefltiotls ii net no\v prae ficata le, 

The mueh neecled tbermograph for serial temperatures has 
not yet dcveluped beyond the experimenta! form. 

Tvery phas? of tbe wwk is of absorblng in tere st and the 
tesults afe of immediate usefulness and almost universal Appli¬ 
cation. The expense and time involved in the prcject, thongh 
conside rabie, are not at ali disproportionate to the value of the 
data collecte?! Same lines of inquiry have only a piesent inter- 
est and a speculative future value; but the determinatioti of |he 
topography of the coast region, the submarin* felicf and 
materinis of the hettom iri the litloral zcme. together with tides.. 
current*. physica! and Chemical characteri st ics of the w&ters, and 
related or associatcd plienometia, econornically and humandv 
indispensa-ble to the mariner and suppties the solid Foundation for 
ali orennograpliic research. 
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COUftflCNT B-Y Mi. BOW3E: 

With regsrd to the rtiappiog of shore line?, tW big subjwt 
ii liow they are located. If wc follow the imethods of the geo¬ 
graphica! surveys of va.ri.oiis countries which locate the shoie line 
in such a way that it does not have to be reproduccd fiam time 
to time, it is niapped once and need not be changed except in 
minor details. AJI continenta! shorcs should have one single 
gcographical datum or starting point. The United States, Can- 
ada, and Mexico have adoptet! one single geographical datum 
for the whole of thrir areas. Accurate methods of mapping are 
not tnuch more expensive thati in accurate methods, and whilc the 
latter is of little uSe, the formet is tttvililible. With a tOpO- 
graphic map of the shore line we can. work inland for many 
miles, Accurate geographical position and accurate shore line 
are fundamenta.]. 

In any survey the finit, ailtl otle of the most eSsenttal 
requircmcnts, is a propcr locat i On by longitutle and latitude of 
ali points of departure. In the old days there was no way of 
getting longi tutle aceuraiety, The position of fslands was (leier- 
mined by navigators using dead reckoning, The resuit was that 
a great many islands were sh&wti in tw* cr more pesitions. 
Today the simple means of getting longltude is by wireless 
telegraphy. 

A letter recently received by Dr. Gregory from G, F Do<l- 
well of the Observatory at Adelaide, comes down to fiindamenuls: 

I hope that amori* the subjecls to be considcred by Lhe Ctui- 
ftrene* the ■qursUon uf th-c mo-rn acturaie iletenri jralion &f je^raphi- 
cal positioni o i Pacific islands ivitl firid a place. Wc in Australia are 
planning a dirtet; mwniFfmmt of longi Lude differente hciwecn Gr*en- 
wich ^ndl Australia (Syditcv Obwrvatcry bcirig dio&en as our prime 

stAliun At the trid) by liSiflg whfcjcSA Italgitttde sagnals from sil iriter- 
mcdiAlc slAtfcon n capalile of being heard simultaneoiisly nt both s 
combincd with iLstronomicaJ observatione. d Wc c-aii now rcccivt time 
siR-nals very satishcturily from Ljfm% France. as a resuit prt* 
Birninitry cxptrtinetits recenlly carr-ied out, The siutic prindple nip- 
plitJ to d-etemin^tions of taflgitiufc t>f k^ids ora virious sca routes 
in the Pacific would. I ihinh. fcc v-rrj r advantageous. For s«vora.l 

ycars J have bc-cn iHtifiStrf ili dklKlg IOtI^ inudes of rfbrcnce potnLs 
in South Austi-filia p uiing a portable wircirfss rcceivinR ytiih 

which time siim^ls from the observatory have hcen received. and th«e 
rc^ult^ of ihts method hav€ tm uniforvtilv mtiffutory. I thall 1 k 
very glad t-o hear if anjthin^ dI %hv simi lar nai-ure h done ita the 

Pacific as a reaull of youT congrc&s. 
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MACXETIC SURVEYS IX AUSTRALIA 


Bv J. M. Baldwin, Government Astronomer, 

Melbuuruc, Austialia 

(Prtsente<l by request of tlie Committec oti Program) 

The first magnetic observatory in Australia was tha( 
foLtndetl «niler the direction of Xeumayer in Melbotirne, svMem- 
atic observations of terrestria! magnetism beitig commenced on 
May i, [858* These eonsisted of hottrly readings of the thrct 
elements, declination, horizatital intensity and dip, and fnrmn 
the mirldte of Jnly, 1858. absolute* observations of the elements 
were made abont once a monlh. The original site on Flag 
staff Hili (now Flagstaff Gardens) rapidly became untenabk 
and early in 1862 the station for absolute observatione ivas 
transferred to the sile where the present astronomtcal nh- 
servatorv stantis. Neumaver completed his five-year pro- 
gramine of observat ion s in 1863, and in December, 1863, the 
rest of the mstruments were transferred to tlie newly-estab- 
lished Melbotirne observatory. A very important part of 
Netmiayer’s work was tlie magnetic survey of Victoria car- 
ried out by him duriiig the years 1858 to 1864. In this sur¬ 
vey the total number of stations occupied was 230. distributed 
so tbat the greatest distance between neighboring stations is 
30 miles and frequemly only 18 or 20. The elevations ranyeil 
from sca-levcl to 7200 fcct. The resuit of Ncuniaycr*a work 
is contatned in fonr volnnies. 1 the first two of which were 

published in Melbotirne. tlie otler two in Mannfteim after 
his return to Germany. 

At tlie new station Mn* readings nf the variat ion insim- 
ment-s were less freq uent bnt tlie work was carried on with 
the instTLiinetits used by Xeumayer, untit new Instruments uf 
the wel! knovm Kew form were received. The observations 
with tlie new absolute instruments were commenced in Jaiui- 
ary, 1866, while the photographic registrarion with the variarum 

1 f, Res ulis of the rnignctical, nautical, and metcnrologic.il observa- 
tino* :md collcctcd at tlie Klafjitaflf Ob^rvatory, Melljmirne 

MarcK 1858, to Fcbrimry, 1859; 2. Ri^iitts of the tuctearological vh- 

servations lafccn in ihc colony of Victoria duritig tlie year$ [H5Q m 
186_r x. Dhcusflion^ nf tlie meteorolouicnl and magnetical observa¬ 
tione made at the Observatory, Mdboitrne, (hiritig \ht y*ars 

to 1862; 4. Regules nf the matmclic sunxv of ihc CVInny of 
Victoria exerulcd tluriiiK the vcars 18=58 to 1864. 
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instrumenta was commenced in November, 1867. Tbis work 
was continuet! without inter ference tintil about 1909. wlien tlie 
efTects of electric tractior began to show on the records, and 
it was evMetit Hiat before long the Melbourne site would be- 
come quite ursuirable. Not long after, efforts were made to 
obtain a new bmlding in an undisturbcd arca, but it was not 
until August. 1910. that the new observatory was completed 
and the instruments recording. The new variat ion building, 
situated at Toolangi (Longittide 145 0 28' E, Latitude 37 0 32' 
S) some 38 miles northeast of the Melbourne Observatory, 
foliows closclv the generat plan of the United States Coast & 
Ceodetic Survey Magnetic Observa tories, the instruments being 
of the Eschenhagen tvpe. recording declination. horizonta] furce 
and vertical force. The absolute observations are stili made 
iri Melbourne with the same magneto meter, but the dip circle 
has been rcplaccd by an earth inductor by Schtdze which lias 
Wn in use since Jamiary, 1916- Tbis worlc also vvill be trans- 
ferred to Toolangi in the present year. as soon as a suitable 
btiildtng can be erected. None of the variation observations 
made at the Melbourne Observatory ha ve yet been published, 
ni>r ia any assistance available for tlicir furtber rerfuctkm. 

A genera! magnetic survey of Australia was carried out 
hi r the Department of TerrestrUl Magneti sin of the Carnegie 
Institution of Washington, commencing in July, iqii, and 
lastiug about fotir years, In this time over 4.00 stations. as 
e.enly distributed as circiimstances wouhl permit. were oc- 
vupicd» The earlier data obtaiiied lia ve been publislied by 
t*ie Carnegic Institutio», in “J„and Magnetic Observat ion s,’ 
iqii to igi.3, and the remainder will appear in a later voliuite. 
Several additional stations ha ve been occtipied in South Aus¬ 
tralia in the last feiv Years bv the Aflelaide Observatorv, and 

# T’ 

the immlitT uf milIi stations is beiiiy grudually inereasetl as 
opportwiity offers, 

On the conchrsion of the general magnetic survey of Aus¬ 
tralia, the Camegie Institution erected a magnetic observatory 
at Watlteroo. Western Australia (Longittide t 15 0 52' 38" E, 
Latitude 30" 18' 56" S), and tliis observatory lias been in 
active operatiori since Jamiary l t 1919- Altbougli at prescnl 
the Work is confined to terrestrial magneti sin. tlie site lias 
lieen choscn witli a view to extending the worlc in several 
directioris, the complete schrme involving work in (a) ter- 
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restriai magnetism, (b) atmospherie electricity, (c) earth cur- 
rents, (d) possible solar constant observations. The design of 
the magnetic variation observatory follows the general lines 
adoptet! by the United States Coast & Geodetic Survey, tbe 
room containrng the recording Instruments being large enough 
to accommodate an eye reading and a self-registering $et of 
Esetienhagen variometers, while the hous-e itself measure* 
16 feet by 32 feet, so that a magnetometer and an earth 
inductor and galvanometer can be mounted at eithcr etid 
without interfering with in st r ument 5 at the other end. The 
magnetometer used is of the Survey of India type modified 
by the Department, and a Schnlze earth-inductor with Plath 
galvanometer. 


TUE GENERAL SCIENTIFIC AND PRACTICAL 
PROBLEMS OF OCEAN M AGNETI C SURVEYS 

By Loris A. Bauer, Director, Department of Terrestrial Mag- 
netism, Carnegie Institution of Washington 

At the reqoest of the Comnaittee on Program, Dr. Bauer 
submitted a paper giving the results of his personal experience 
in the conduct and direction of magnetic survey s on land and 
sea, covering a period of 26 years. Fuller statements appear 
in Kesearches, Department of Tcrrestrial Magnetism and Year- 
books of the Carnegie Institution of Washington. 
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DISCUSSIONI OX MAPPING THE PACIFIC 

Bv MEMRERS QF THE CONFERENCE 

[The following contribiitions have beeti abslriicted fremi 
the stenographi-e report ni the Proeeediiigw.] 

Ma_ Eawie: 'Whetiever a sdentist makes a.n investigat ion of any 

part crf the tardis stiriace be needs io ktiow tiic EtOKnapbic positione 
of ihe variouE toptigrsphie features ineluded in the atei and also 
the elevation a-nd th« stapes of ground betureen thtm. AU of this 
Information is sentaincd an tJit tiiedcm tfrpngraphic map suth as is 
mzdc by each nf ihc wf]I urganired! natiGdA of the wprltl, 

The- top&graphk map h needed in all in^nches whtt map hc 
e-alled tfrie 4J outsiide seience& IJ such as biculogy h geotagy, geodeay, maeror- 
ology* etlinoiogr, etc. Kta wicmast wrurkinjpr in any area vould al- 

tfimpt 1^3- cfirry cui intendi ve investi^ a riun_4 wtthrmf first mnlciriR .it 
!ra.si a rot^gb lopogr&plik ntap if no better map werc slrtady iti 
exiatence. In factr it may be said ihm there ia scare et y a liiiinan 
activity that is not in soroe way affcctcd direct]y or imlircctly by 
tbe prtscncc or absente of accurate rtaajjs. It is imptiasiblc to sr-ircTi 
effectively for the treasures of the earth in the iorm of minerals, in- 

eludinjr oil and cral, forests, water powcr h soil fcrlility, unies* ve 
havfl a fcnpwltdgt of the configurari™ of the eartfi'5 surface. If is 

therefore ckar ibat tht natioris of the warld shotild s-rart a move- 

[fieri to expedite the completiori of ihe to-pographic mapping of thesir 
area*. With recurate topngraphie mips |h~e scieotbts and engineer& can 
disce ver the n-aCural rcatturccs- and locate them un the mips; tben 

by ut Llizin ^ these niap4> -whi-ch shw the loeataon of the toppffrapliic 
f eat ures and ihe configurat ion of tbt grouncl. pians cari be made for 

the best cconpinic develOpriicrti^ vtilizition and of the 

naluml reicnirees. It is reasosvably -certa an ibat mt Ilion i of doli Ars 
ycarly woutd be sav-ed to in veste ra, who suppo rt hnancmlly projects 

fesf 1 ihe development of notural resonrces |ti areas where sucb de¬ 

velo pmenl IS exrcpcLinj^Iy cDidy, if ilie cOtld L(iov)S had been pfeifiOu ll>' 
reveakri by adequate t>opographic mapa. 

Whit is £iid above appties partkularly io the Pacific rfgion 
beeauae oi ihe vasI revenirces in ib^ court^ics bordeonj; that Rreat 

OC^Sin a.Tid in th ^ iplands cootadned w it hin itf arra a.nd alsu bcea.i2ic of Ihe 

large populari on tbat in liabit 5 the regio n. 

E e is wry de si rabie that in any Large ^rra sucli as ihe Pacific 

basin. mttic nnsJormity Ii; melbods sh«njlt| ht fsillcwrcj m ca rryattg 

on top^rirtphic frurvcyinK ar>d mapping. It is probabis Lhat any or- 
gittiiition creited for scientific investigationi in tbe Pacific vili have 

to^Offraphers flS rep regent at ive^ fmnl eich e>f the ctiurit ri-cs antl \hty 

shoilld foTTii a bran-ch u t section of thr centt^il oranszAtion. ft is 
drsinible that fhis aection shonld provide staiukrds of accuracy io 
th-e surveying and miippirifE and should^ innfcc recnmEhendations io 
ihe vartems cotintncs m xegard to the umrs of lengih useJ for hori- 

rana] and vertical di&tsincr» as shown or tht map?. If ihm were 

uniformity an the topoigraphic rnspping of the countric* of tlic Pacific 
the sci ercii st DT fTi^inecr could *:■( jc ra t e iii atL-y p*:sjC of the re gion withOUt 
teing fontusrd by different topo^triphic &ymbc>t&, different scsiles and 
different degieea of accumcy in each couoiry, The quenion t>f tbc 

^rojeetion to b? f-cillowrd for Xbe totiographie mapn is n. very im¬ 

portant macter and s-hould also be considercd 

[ 475 ] 
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Of coursc, no international lx>dy suoh as a srientific organi zat ion 
can dictate to any country wliat it mus! do in its own area hui it 
can ffive very valuahle Information wliich should be very gladie rc 
ceived by any country. Very littlc has been done in the Pacific luisin 
in making accurate lopograpliic maps and it is possible thai this 
line of work will be carried on inore rapidly in the future than in tbe 
past. 

Some progress has bccin made in covering the world with map- 
whicb will \yc of coii si der abi e vahic to scieiitists. The maritime m- 
tipns -of (he world liad reprcsefttaHves at a gonf^reneg in l^ondon in 
1909. at whicli pians wcrc adoptet! for the constmction of a world 
map to Ise used by all nations. This map* knoivn as the International 
Map of the World, is now being constructed by a Urge mimhrr of 

cotini ries. Its scalc is 011 e pari in 011 e mi Ilion and e very map shret 

will eover an area of 6° of longitutle and 4° of Isilitudc. Each 

cminiry takrng part irt the conference of London pledged itself to c-'n- 
siruct maps of its own doma in s in accordaitce with the plan adopted and 
lo carry 011 the work as rapidly as possible. 

Sciesitists, engineers and others whose efforts are tieiicfiied by 
accurate topograpliic niaps are urged to interest others in the importance 
of topographic mapping of tlieir own country. It is reasonably certam 
tliat any efforts expended in topographic mapping will britig most 

yratifying returns of tfreat valuc and benefit to humamty. 

Baii # v Wi i_r.ES fabstract front a letler) : VVere 1 m take prtrt 
in your deliberatione I would be govcrtied, so far as our own par- 
lictihir seiesiee is cuiiccmed by the concept tbat the geology of the 
Pacific is a distinet unit, thai the chain of similat and cssciitially 

rnntemporaneoiis phenomena ruiis atouncl i: s shores From the East 

In di es* thmugh Japan T Alaska* and hoth America* 10 Cape Hcun. 

Through 1 liis vast periphery there should be ree on na is sance work lo 
develn-p or dispmve the concqit of and at carefnlly selectcd key 

looHtics there should be dctaijcd in vestigat ion to provide the elnes 
for more exlended carefnl research. And this work should cover all 
hrnndies of geology, st ratigraphy, structure, paleonlology, petrography. 
and physiography, 

Mr, TiK.M.s: (Abstract prepared by the author.) M y interesi in 
the scientilic c?cploratir>ii of the Pacific Ocean pertains to metenrolo^, 
and espedalty lo that branch whitii has for tts fihject the forcrasting 
of 11u: HCnitlur You probahly know that very liule inerras in ilif 

accuracy uf weathtr forecasts has takcn place in the List quarter nf 
a ceiilury. Tliis is duc to ihe fact lliat there has heen no inarked 
exteris ion in ihe fiield of observat ions durittg that time. \Ve ha ve 
kept iising llie saint data year tn and year ont p until wc ha ve worked 
aboiit all tliere is m he had n-nt of it. at Icast from a forecasiing 
st.oulpoinl 

Kor forecasiing pttrposes mcteorological obscrviiiions should 1 ^ 
taken iit the tr momellt of time over as large ml arca as possible 
Alter i1it B 3 r are inkcn + it is necessary that tltey he transiniiied \cr> 
qtiickly ia snme ceniral point, Tliey are then charted and viewcd 
hy llie furecaster, wlio makcs his deduciions as lo tbe weathtr vx 
pected for as long a thne ahead as he thinks can he done xvithoul 
iirijiairing the accttracy of his fnrccast. 

United States Weather Itureau predictions are correct aboui 
oiit of seven titnes. Tlie higgcr and more gcneral the storm tiic 
greater is the pmhahility fif the forecast heing correct. It is the minor 1 
dUturhaurc* llutt are imost often mUscd by the forecaster. 
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The praeli cal bcnctits dcri\cd fr<*m thcse hurccuMs sire very 
jurent thcre is scarccly :i businesy that is m>i laffijefiNl hy th-ciii. 
FrobaWy ibe greacest henefits are rcuped b-y nhe transportatio n imer- 
csis buih an liiiid and &ea. Xesl comes lhe agricultura! and imnw- 

lacturing intcrests, .and these aro fnllnwed b y those pcrtaininff it> 
Health h plensure, plc- 

It it obvious ito 41 1 ] ibat thr inigcr ahead forecnits au\ be nude 
willvMJt ienpairing their accuracy, the vr^utcr will Ik- tlic liensftts i\<- 

rivfid from them. 

Tt is thc npirion nf thc wcathtr f urcea ster* in thc United 3 lite> F 

ivllich is thc csnly natiun. I gli s|K-:jk ftii 1 , thiit if wcLillicr reporta 
i _'llii i)f tcwi v«l wiili dkspsiteh fmm ihc llttlc kin™ii rr^iuos in (he 

XorLla Pacific Gcean h it will be possible ia tnaterinlly in creare tht 
ikceuracy of wcather forccasts in ilic- United States and a-t the sairw 

lime cstend tbeir prrind of ipplicnlion. The- -papers pr*sentcd to lhe 

iSvctiim E7ii .Muteuruhtgy sive thc nsastm* in dctail lor bclicving ihis 
ca.n be deme. 

To m>' time hrinjj 50 limittd Only thc hricfrst WtlinC *>f 

thc pruject cun Ik givtu herc. There are twn metcoroicigacal caste rk 
<>£ aeiian 111 th* Xi&tfh Pacific OteatL Ohe ii talled i hc R^mi-ptr- 

manent Aleutian Low pressure area, and Lhe other is kmowii as the 
pcriTiEiqeiir Iligh prensure ttroi. Whcn lhe Alentium Lt>w pressure areri 
as hdoH . 1 normn .1 iind thc High pressure .ire:i it nbpve norma!, un- 
□?-ual]y lu^b teinperaiTLrcs prev2.il in the United Stries- esptcially 10 

ihe Mcatward of thc Wis&hMppi River. Wlicn iht «uairary ewidi- 
linos exis-t uiui&ually cold weather prevails over Lhe wextern half of 

lhe United Slale-s and generally abundant rain falis in thc Pacific Statel¬ 
li 3 s my thsit ii a frw vcsscls rtjuipjjfd with radio uut- 

Hts and uictcorol-oekal appnTfituf werc asii^ntil to Hjtnl lit-ritian^ t>r 

m neafly tiHetl a ^ praei i cable in die lca.il known r-egrions ot the 
Xorth Pacific Occari, thnt vceath-er reports from them would he of 
inc^C 11 hLhlr vnluc for fQ^rGLitin^ pirjH^e^. inn^-erii of vcssfLs 

ctiuipptd uith riulio outtits uicr thc well knoivn ruutes hc- 

America and the Gr-i^u, &hould be invite-d l* ^ciiJ radio 
• tlie ■w-eaiher from their ships at lesrst twicc a day to dcFugrute-rf 
forccasl ccntcrs- Thew rej>nrts wtmid auppkmcnt |lic nBlicrs nmd hti 

M additiannl hclp to thc tf&rrc:ifttrr^. Alsa it i* hclicrifd a taiad ftcM- 

tioni oF lhe lirst order »hould hv csiSLhlislicd 011 011*.- of thc wesiern- 

itiosi of thc Aleutinu wliicfi sliition ^hoiihl hv provided « p ilh 

ii radio ouifit for transrnirtlng wenther rrfmrrR. 

A scrvice sneh omlined cquU! be niilked for ollior sciemihc 

yvorfc, stich ii^ might be desircd by thc occ^nuKr^bcr. I\v ilu h im i n 
inttre^ted in terreniri:d m^gnctii^ni. nnil thc lTsrijiiiiiip; ni ncc:m de[dhs. 

Mu Rechart^: It is qtitle appa-reni tlint tlic iii^ppiivg ni elie 
PaciFk OteEin corse^rr? nll u? arcrmd that occrm. Tlie iiafurnialion 
in hc derivet! from a corrcct ard thorougli mappinj^ is varicd aml 

sifthotitfh thc nced f>f thi^ hi^ hccn ^trcs^efl hy sp-esik-crs iroim Nortli 
^infrit^, sanie ar^umriiT? wi^h pcrk-ips ^rcuttr fnrcr 3iiij;]i[ Isc 

it^ctl hy pcopk from thc Msnthn-rstern Facilit. 

The mere charting of eoa*! Sines. »*lands an^l shmh i* insufficient. 
The imnppinK of thc fluor pf (lir iieeein i* in mnuQ wriy> more imponant 
than 1 ba| nf ilic and taasts. 

We have frofo time |f> lime oh enstem of Aus- 

iraltn ^cisriic [Jisturhnnccs whicli rcHiilt frnin thc sllimbiy tttj-wn oi 
niatcrial over a siihiiuirinc wliicli lirs tu ilu 1 n*irL]i^i*c wt Ans- 

tralia -1 nrl prtdikhSy in-Lrks tlit- orl^itial fllll of tlic Piicihc Gccan. The 
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mapping of such shetyes and the deeps adjacent is not only of tnuch 
mterest but is of great importance. 

It is of interest io nve to leam of the work bting carricd on 
atong the Califomia coast with respect to the dcvtlopmcnt of shoals 
and bars. The northern rivers of New South Wales and sonte other 
Australian strcains are Yery much bar-bound and the New South 
Wales govemment has spent over ii,000.000 sterling on the two river 
mouths withotit any success. If the plan of operation of the current? 
were Understuod, the scuirce of the sand fo-rming the har knowiu 
and the factors go verni ng its distributiori really established, wc would 
bavt chita of the greatest economic importance. 

The marine biological wealth of such places as the Great B-ir- 
rier Reef i$ largely unknown; mtich remains to be leamed in rhat 
direction &o that it may be exploited nm only profitably but ju- 
dicionsly. 

It is quite dear therefore, that there are mamy reasons for 
thoroughly mapping the Pacific other than the determination of coast 
lines and shoals, 

Mr, Vaucha ft: There are certain thin^s in impping the Pacific 
that are of particular interest to the geologisL I will mention a few ef 
them. Oeic is the sedimenta on. the fioor of the ocean Information 
regarditig bottom deposita is deficient in the same degree as Information 
on the deeps concerning which Mr. Litilehales has spoktn. Bottom sam- 
ples should be takcn at the same interval as that at which soumiings are 
mmle. 

Otber factor* that itifluencc sedimemation than thosc considered in 
the reports of the ChultetiRrr Rxpedition, now nccd to be considered, 
bccauw there has been considerahle refmcment ini tnethotls of sitidv sinte 
that time. One of Lltese is the exccedingly close interrclatioTiship 
hetween tEie Chemical compositiori of the sea water and llie materia) that 
nrcnrs on the sea fioor partkularly the relation between the actdity and 
temperature of the water and Lite character* of the bottom material 

Leaving the deep sea and c-oming to the shallow water, it is now 
kn own linit niudi of the calcium-carbonate depo$Lt$ in the shaUow waters 
of the tmpirs have no coral in them. For any work on these simple? 
avc nred Tei ktimv much more thjm the ehemical composition. Cfarkc and 
Whcelef have rcritleretl valuable Service in their work on the Chemical 
com{>ositkj]i of the skeleton5 of marine invertebrates hecause they sliow r 
that flte clicmiCJil cnmposition of a sediment varies aceording to the 
or^anlstm contributing materini to it Bottom specimens need to be 
stiulied very carefully to ascertain the percentage of the inaterial con- 
tributtd hy different agcucks, both orgaqic and inorganic. I wopld urg* 
tlmt bottom samples be collected at close intervals, that both the chemi’ 
cal and mechanica! composition be studied inore carefully, and that more 
in format inn hc ohtained oti the agjcncscs that are contributing materia! to 
ih^ j hottnm deposits, 

Tn regard to the configurat ion of the sea bottom it is obvi.ous that 
knuwdcdge of the major configurat ion of the sea-floor Is important 
hecause of its valuc in intcrprcting gcological hi&tory. But in certain 
ar-i L ;is more informatioii is ncedcd thzm that on the major conh.EruratKm 
of [hei sea rtoor, Around atl islands and along the cesminentai shores 
detailcd infnrmation 011 the suhniarine slopes of the continents and 
islands is necc^^ary for cli-icidcitiTig ^eolOgical hi^tOfy. The ?cale of the 
rcsnltiiijr mips nc^d nat hc ihc sztme for ali areas: 1 :8o_o0o for example 
is sufficient for soane are:is; Init in marty areas, for instance. where tbete 
arc coral recfs. the scale sliould be 1:20,000 of even i:io 1 ooo. In places 
the coral rqefs are growing 011 terraces cst sgbmerged flats for the study 
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«f which veT7 detaikd snaps une needed, Severa! areas artnind thc 
Hau^aiiin islantlK shoulrt be mappcd in frrtt-t detail, for instmee tlw flit 
that ulends westvfard from Mti-lakai. 

Mr. (itttwiY : In my npiraiau topographac mapping n-f ihe *hnrcs 

and hsianch of the Pacific ^krtuld take prcccdence over fflttt uther kiiids bf 
peoffraphie wo-rk. At presttil ttic ethnnloifist, bolanist, zoologisc and. 
Ettrfogbt, as well 2.5 the geograptier and engineer, are seriouaty handt- 
capped. Tcachm lileewis* lack suit abi e maps for dass instructicm, 

Mappm^ cui rhk hi^ rc^i-un—a third of tbe narth J s surfice—is 
beyond the imaticial ability of intli euIiotis. It is a joU far g^emmonta- 
and 1 cormder it o-ur duty to urge the various natior a to undertake it. 
What a service to Tnankind iif the fiavies of Japan f the FJeiherl iridi. 

Australia,, Js>w Zealand. Arante, Chiji and (foe V^hcd States w^iild. 
devote cheir turpius cncrgks to mappinju the Pacific! 

Ma, Davis r Wben Columbus end-cavored to enliast the dd of Queen 
fsahdUa for liiji txplnratiftn* tie shawcd Fier a map nf what hc thou^hf 
hc wonld find_ Unlik-e Columbum, the man Eif Ludiy w;*nts a map of 
what Is knotvn. When a scienti st tabes up worh in a new area H he 
firsl collecta aJt the ninpa avatlable, In our coyn-try he goes to th^ 
United States Geolojrical Survey for hia land ma.ps, If the terriroty 

h.i* Iwren cavertd by 13. msp if is v{ Rrc^t value to him in Uyinjf 6ut 
his pians ai endeavor. 

There ire iviiliblc mips of tbe mainland aldnjr tbe Pacific coa&L 
Inland {tam the coast from San Franehco tiorih to Paget Sound ar« a- 
ftw scattering fn^ps, and tbe same- enn bc said of Alaska. The coast 
line, of courstr, is utll mapped by the -Costst and freodelic Survey ^nd 
tbx tTiariK-ulaficmi carnfrd out irt ill the^c -are by the Coast and Geodetic 
Survey. Wt usc ch-cst iltogtihit. Also in tbc islands ttie 

irrritory Es aII covered by ihe Coast a.nd Geodeik Survey Erian^Lilation, 
We started mappiug tbe wlands in sejot and cnniinued uniil 1915. We 
finisked the island of JCiuai and some of the kland of HawaSi. O^hu- 
hnil fllTcs^ly bern mnppcd hy th-c army crifiitrcerit amE wc -wcrE nllowtd 
xa tilte iheir niaps ;md redime iberu and priru them for (he tase of the 
puliIk-. We 3iai-e crumnerced new mappinir south of the voleano on 
and hop-e to conti nue wnrk on that tsland ^ well as. tbc others, 
umil it is completerf. 

[Mr. Da vis exhibiled a nntnlvcr of tojiOKFnipbic m^ps illu?tralms 
hi5 remjirks.f 

Mr_ Vamasaktt In resp-onse to tlie request -of tbc Committcc on 

ProgTam H I Iiave prepared thh of ^rvcy* of J^pau - 


mrERIAL MrLrTAKY 5VRVtY i TOPOCItArH[CftL tffS70t.rp MAP^ 
(JAFA.NESZ EhaTI^W OKLV> 


I 20,000 
I :^.OOd 

I:2 SjO00 
T 1300,000 

I : [ lOOO-.OOO 

i : 1 juaQfiOQ 


M&st parts of j^n ilrendy piiblished, rathor n\A oe] k ion. 
Most parts of Jppan nilrcady iiyblisked, ticiv ediliou, mnno' 
^r\c\ tri-^olcir. 

Soiinc af Japitn jilready publishcd. hew edittrm. 
“T^ib^kudzu^ or ImperiiI jhip, new editioni raio&t paris, of 
J^pan aErcafly pukfi^ked. 

J- 1 nemati oria I Map‘ P in RnelisEi, only _ iwn shcyM publishcd. 
“Tfio ynchiilzu” or mip of in cludtvig nnosLpnrts. 

af Chitia, sonie parts oF Sil^ria anrl Jap-an, 


IMPpilAL r^ULOCECAh S flf J Q^^ICA3 r 

MAJS (jAPAPf^St ANU ^:7iJ,1SI[ ^LITIOrT?) 

I ; 1 ,'iX] .lxx :> KarcA and pikhnlisi iutludtzd. 
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Pan-PaciKR' Scikntric Conferknce 


! :4QO r ooo Five large Micet s incHuiing Housha, Shikoku and Kviiiini 
i :^00 n 000 Ms;ny shcets; ili p^ns of llousliiii, Shikoku and kyudm 


PfcEFECTUItAL i*flV^KMUKt OF HOKKaUnI 

i :^x3,oou Topngraphieal map in Japanese only. 

t^lVERNMEl^PliENEfcAtr PK T.^WAN CFPFMns\) 
i : 400,000 Topograpbical and geoloKieal maps. 

GOVEHNM! 6 N T-CrF N EU A 1 , (JF CHCJSEN fKORE-O 
1 =50,000 TopograpWiil maps puMishcd for ali part* of Korea. 

Mtt, ThumSi»*, Chairitiart of the SqssIoii : I ha ve been mtlier mit- 
priscd to have hcard norhing in the discussion of shnre lines retfardinjj 
tbe Southern eoa st of ili-e Pacific, the shores of the Antarctie Inui nt 
landa wusl of South America. That is an almosl tmkiurwn arta. There 
ha ve bten varioiis expeditioris to the Antarctit, but notie have l>cen able 
\n kmd or obscrrc the sliorc-line wcst of Gratiam'* Lami. Captaiti Senii 
ihou^hi he fouml hmd. King Edward VII Land b at the raSlem ttul of 
ihc Grcat Ice Rarricr, but wsis uiiuhlc Io imke a iandin^ or to rcdisenvrr 
tlie supposed hmd an a suhscqucnt cxpedition. So the re rcniaitis a lar^e 
USip This rc^ion is very intcresting froni the pomi of view of simetur?, 
bccause ihe Arcdenu type of folded moimtnm continues inio Grahaw‘* 
Land, whereus n platcau type is foimd around Rws Sca. There i> n*nn 
for gixid diartinK work in this pari of tlie Antarctic hy an rxpedk^i 
vitii airplancs, 

Witli regard 10 wirdess cie terminat ion of longitude, a longiiudc ut 
Tali id was recently made hy siimdtancoiis wirctess stiria Is Froni Wdlinj:- 
lon, Ww Zea land and froni San Francisco. 

I reccnlly tricd to draw a map of dic Anfarctic and Sotiili Pacilic 
occans for a report on ihc bradiiopods of the Australi au Amarctk Ks[k- 
ditioii Vun h.ivu heard tuday that soundiiiKS should be ntn ioo fc but to 
inik-s afjjLrt. If the ^omidin^s In these Southern seas had hecn as 3i«r 
as 500 miles apari I slimdd Imvc had more eonlidcncc in any ennlnur-. 
Thc lOOoTathnm line linrih of New Zculand h as given in current map'- 
i'- mi cxlraonlinnry that 1 caiinot bdieve it to be trne. I luivt 
studicd tlle chrtrts vith rhe smiildiilgs em which the k»rlK tiarrow ridtjc- 
almie iotxi fallmins hai r e hecn lisisixl. luit I stioulci imagine that there i* 
a urcat deat of jcucsswork alinut the linrs, and that niucti more delnilcd 

ehartinp nccds to hc done, 

Both in the South Atlantic and 10 a less extern m ihc South 

Pacilic, submarinc eleviuions are shovn aliove the 1000 fathoni line 
liearin^ no isiaiuls. The sliape of these woul <1 be very intereat i hm 
is not hio»wn. hi cliarting the IxKlom rertain areas mijdit be studied 
more Ihan otliers hecanse a great proldcin is involvcd. There an 

inierat itu* hiolo^ieal pnint in rqgard to a submarme bank. Sudi forni' 

as bracliinpods, ivbicb are nol distribntcd by frec-s%vimmin^ torvae and 
are restricted to depilis ahove the looo fathom line cannol cross die 
deep and wide nceaiis. VVhcre tliey do, it is go^xl cvidcnce of an earlier 
Irirnj conticet ion. Wliat are tlic fauna on tiicse snbmarinc toinks? \\e 
do not hnow. If ibese haiiks arc ilrowncd lamis, we slioutd ha ve the 
rcmaius of Coastal fatmac. Jf they are diastropbic nplifls of tlie decp 
brdtoms tluy can hear rnily forms of distinet type wliidi havc erepi up 

froni ihc abysse*. It secnis to rue tlial yoti ha ve there a hioloRical 

of the theory of the pcriuaiicncc of oceon basins. The determinat ion o| 
the fauriii and contuitr of these stibmarine banks sbmilil be studicd in 
mappitm out the Pacific. 
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The tottcrni uriteri nf tlnr occari, we are lold, creep frorn the polea 
flnd brartg the lg the pce^n ballem- We know -therc are cnclo^ed. 

artas like the Black $ea wbcrc ther* t? no <?nygem whtre Lhetc is a 
fau] bottoirr cati&ei by the abscnce uf bfrttorni ^avcngcTs, and where 
Milph.nr bacteria thrive and preciphate calcium carbonate as a fine tnud. 
Is at nossible that tbere could be a foul bot tam in |hc dtrp ? Wc 
have in Kew Xeniand an E-oeene ot lote Cretaceous Hmeatorc. pp io 
.2500 fert «-rhieb is cnmpa&ed mnsily of fine ea !■? areoiis itiud, «wdtls rela- 
lively few foramini fena* and rui larRt fossdg of th-e chnlk type. The 
putdt is ftow it fortned I have suKgt&tird that it wbs foTmrd by 
Chemical precipitation, What kind of deposits are rcmning in ihe deeps. 
•cui off froBn ihe polar botlom creep? 

In New Zcaland the re is vtry litti e known .ibnut marine currcnls. 
salinily, icmperatur-e and aridi ly. It is of very gceat ittiportaee? u> i 
knowded^e -of our fisheries, The fishes appe^r sometimes in great quan- 
tities and nrr scunetimcs very scarce, On economic grouida alant the 
gharring of ibe Pacific wil! bc gond business. 

Mil WtLL5; The reference made by Mr_ Thomson lo the calcareous 
mud foumd at tlie boltom of the Black 5 ea ree alis another striking char- 
acterishc of ibat reipcin. 1 refer to the prcscncc of bydrogen -sulphide. 
Ii is suppnsct! tbat this j^as is prtiducxd by bacteria tKfl-t reduce the 
snlphates ol sea water to sulphur or aulphidts_ As a ruat ter of fatt the 
preaenee of hydrag-en sulphide in the urater sfciows that Use ojcygen haa 
been exhausted and indicates a laclc of eircutation in the botram waters. 
Th* aridity pcoduccd by hydrojfcn aulphidc in natum! w&ters is com- 
pnrahlc to ttia.it prndvcci! by CJtrbon rlioxide, ait the stulpbliles are Quite 
comparabit fro the carbonate^ in rcj^ulitcing the varioue etfuilibraa thaL 
dcttrminc the 10-calIcd acidity o-f suth watera, The occ-a&ionnL tsistenc? 
o( unusLuI conditione, siteh as those found in the Black 5 ea. shcnrs thai: 
Chemical determmatiors. of the in ^ea-waic-r &honld hc made 

wbcrever pasuLblc alon^ wilh the other dcterniitiations^ Such as those of 
tfcpth and temperature, which ihis Conferente wtll urge as esBeniiai for 
a seientifie undemanding of the problems of the Pacific. The few scit- 
tcr^d dctemiiri^tioTis now available show irrcRidia-itics thru d^Tuand fur- 
ther inv estigat ion. 

Furiher stndies are also needed of the waters held in the muds and 
the organic mail-cr of the Vottoim. Tb?-&« walers. carry an of 

cnrbor dinsidc, as MllfTBy .ind Imnt Fniirad, and po^iblj an cxccss ol 

amiufOnia. whicli wovld gt-eatly affect the permanenty of a dcposit of 
«letum earhonate. The complete solutiori of this probleni requires sin 
evaluation of the solubilily-produci af calcium cjirfsonnte. ibfit is, the 
produnt nf the enicent rfithms nf the TfiErinin inns and |hc curitem a lc iong. 
AkhOLLprh it. is an easy matter tn deterrrrine the cnricetitraLion& of the 
mdicah pre&ent in -gea-waler it is more difficult Lo evaluateth-e concentra¬ 
tione the fons ftud it jg rh^s^ QUiintuks that dctcr>nine the solubitity 
of calcium carliiinutc. Chemists, hfjwever. ^re rnnking prti^rcss iu thcis 
nmtteru and it ii ho-ped tliat hetter ip^irati^ will alws he perfeetcd 
shortly for laliln^ samples from «Ire oceanic floors, especially ac g:real 
dcptfts. 

Mn. Fhaseu: In cemnection wilh deptfsition and Medimenntion, the 
eflfect of rivers it important In sueh areat as Brilish Colurrbia and 
Alsii-ka where currente arc fieflcctcd by a scri-ci of ipUnds. A s^udy of 
5-edinient hmught dtiwn by 1 ayge rivers is of the j^reates-t intereat fninn 

the StandpOiilt of tht fof±Hati4d rtf the liOtE^m kild ffO tYi a htoltigital 

standpo-int, Lapfe rivem brin^ d-own organlc as well as inorganlc Frinite- 
rial to their mnuihs whieh are the srreateat fceding icrcynd? fishes aml 
other forma of Itfe. In BritkEi Columbi a there Are 7,000 mdles af regukr 
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coast line and there are so irtany islands that cacti area ti a stu-dy ia 

bself. If the work wcrc garries! nn a.* C(nn mander WnfWins hi 5 indicated 
il wullld give n f- tmtctl m format ion Staml Efir shfrrc -lrca wJiich frtfm ifte 
food standpoim i§ more imporrasu ihan ilie d«p waters. 

MlL Ma^OR: T"htre are eiKjrimms- depc^it^ of limcstone in ihe 
Atlantic l have not aeeci diem iti the Faci it, Sta watcr is stiper- 
sjituraterf wilh efil-eiuni earborale—there is plenty of it dn the waten 
a-hnut Tinnita—and the ^ucstion ii. * r h.y is it not precipit-ated ? In ihc 
tru-pitil Pacific thtrc h {feraci ka II t nr? .^civiccd. hvt tbtra is ji priiiil 'kdl 
in the Atlantic. There is alsto an absente uf Mitram in the P.icitic vltich 
may ciccoimt far the paucity of seaweed. The absetice of precipitaird 
cal[fi|Jtn CHrhonfttq -ps tl ttlC Jltsence af Kiicd £e,wgtd = 

may cause ifit predpitation of limeitonc. 

Ma. CoTTOJi : I wauli! Silce to add. a line to Mr, RichaHs* remark- 
afcuiit Antarclk fitftctirtitOHy. in ihr impcrtanc-c of Vnc?wLns 

weath-fr conditi otis is very great and forecasting: hat thetcfor* gieat 
value hnt the meteorologi-cal statioii at Macquarie lsland has b«m abam- 
doncit. ir sht,iu]rl \}$ ri^siRblrthciL and I be 3 itvc that if thia- Confcrctiee 
could bt iniprcsscd with the irnportiruzr of |hat Matlpn* uc ccmld sci it 
feetablifihed. ScMjIH of 45 eiegree^ ^outh Lalit-ude is jboctt one-liflh of the 
eartii 1 ^ surfric* tn whkh praei ieally nolhitifl is known in re^ard tc* 

mcteorolo^ical condit imis cscepl &tidi otraervolionis as have bten ™de 
by L-splDiinj? expeditiims and sit M aequari? Island Maequarie IsUnd i« 
prokably the iwist suitahlc place in the Sonth Pacific for a 'tftatcorDlugisI 
rtalion. TTie mainteiuncc of ^udi a stat ion would not only bcndlt As¬ 
tralia and New Ke H YlamJ 111 enahlinjz ns to hnve belter ioreca^s, hut 
would benefit ali tbe world in tlie sludy o( the atmospbcric cireul^i^a 
n-# the ^lobe. 

Mb. Mrjoh^L I !i ave listenetl lo these piperi; t h ia inciniin^ icit h th? 
^reat^st inlcresl for tlie 5kibji>ct is one of prime importante tn cEi* fi&h- 
cri-cs. Ol cpiiTsy it is important to lh^ fistiemen fram ihc 5laudf^ini oi 
nviEsifian id hjivc accnmtc cbarls of ihc Pacific. hv\ h is- not thif 
of the dflilttrf fllftt E hfiV* pftftitillafly irt sYlitld, btit tht liencfiis iO ihf 
fisheries Lfiems-clves. I liad ilie privile^^ 3 fcw days ago of mnking SQine 
hricf remarks on the ^nbjcct of the efftcts of ocerin currenti 00 fiabcii^ 
F beliey-e th.it tli^e e(F«ls are fcrcitc-r than I indicated nt th.it time. Rui 
ihere is- anotlier' phasc -oi tbc matter whigh is important. Th-c EsEwrsei 
are m a Lilly carririi on un tb t contiiidiital ahelf or c>n the bfltlks 
froni it or adjacent Eo it. The swrveya Lhat are made for navigation ift 
in iViost cases cnnhiicd to the bintts of ihe Continental shell, Ordmarily 
the survirv is*- eotiducted |o a di-pth of ick? or i^O fafhotn-^ r qmft 

for ns vi^tion. G11 tbc Atlaattic couiit tliese surveys arc zUt* quite 
adeqn^te tn serve the pnrposefi of fhe tisheries for the depibi inc«fl&e 
slowly: Init I <I-o nnt think tbis is true of the Pacific coasl ni ihe 
Piiijnl Sinles i*t Calida. Fisbcrmrn tcll ns of lumks lyinic fflir mat 6 ^ 
nojl. particulari^ ne:ir Pn^ei Sound atid the Straits, of Juan de Fuca. In 
many c-isr^ ihc reporta of lliese Kariks may have beert hns^d <w\ the pres- 
enge of rlisc^lortiil r, whigh is ^T1 linTeliable indkatk^. hllt ih^re ii 

prolwil «iCity thai sudi kmk$ <lo actually cxi.tt, Thrr tlo not come cln^ 
ennugh tn tbe stiriace t n require silentum from the s-tand^int of mvi 
HliI thev may aiTeet fisliin^. 

Sevprni years nga wicli Ilie Albntrvsi we ran three litic& of snund- 

iii^cs }oo to JJQ niilrs Pontii «f wcst of Cape Plattcry. The norm&l Jepll' 

froni ajw lo i fit» fatlioins., bm wc ftniiid ^punding^ of fM te toc 
fiithcnns, indicat i ng th,nt t\ peak aro&e froni the hottam of the sea to i 
hei^il^ *f IiIneuiE n riilc. Sirtiilar case* prohafily exi st etsevr-lierc wjiere 
the Itoti nnt ri^es c-lnsr enon^h fo tfic surface to permit fisbirig for Tialihiil 
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The- Fnovenverits of the halihut indicate thnt {h^re musti be =uch 

shalkMir ciff-shorp banlcs to whidi they F-o whcn thry ilisappear at time? 

Iram Xht C64il r I wai Lhifchjfe interiit^ in wllfrt Mf. WfttldlUi hid fcO 
say about ihe proposed survey of ihe Pacific coant r that in his opiniora it 
Bbonld be carricd to a deprh of tooo fa-thtmis. From the fistien« staud- 
paint ,1* tvell ns fium the standpuint -of gcfiera.1 scienti fi e interesl. I 
heJS*vt tliat the goverriESiem ah d olhtr insthutkms intere slciI in fislierics 
ahould earry out sueb a swrvey. 

I wa* :ti irrcsled in Dr. V;n.sfcti5in r * rtnl-irks 
depolita. Tliey are now inadequately mapped ior fistiery purposes. I 
ha ve said that hsliing is conducted on the Continental shelves, but th&i 
is tra-c oiily in cerfcain places a,nd certain regions. Large arcas of tKe eon- 
firienta! shclveS Are Lar ren of tns-hes tv litui t ilktdbution i i lar gei y condi- 

donet! by the character of the boEtoati and by the character of the 
organismn that exiit (here. Whene Elie re are stiifting bjikIs there wcuH 
nnt be tWrtiy fUh; but where bdft^nk-Hwcilirij^ organ-isins can fi?s therri- 
fldvcs withoul danger of being fouricJ in «and, wc li^v< a Iierit orti fauna 

which attracta ihe fish for the foorf -which it affords. 

We are also hiterestcd 3 ti ali the phenomena wliich inight be coi- 
lectetf by thase rnaking physic-ftl survcys, Wfe wnnt to hnow much more 

nhnur fhe cuiretitS, temperature atld^ acidlty of tbc water, and 

alsE> t?f Ihc penetrat ion nf light in the water. We fibouM also ktiow 
more ribout the light that readies. the surface. Light is ab?orbed aa it 
goes -down dfltper into the sea. but ibe li^ht oF different wave Icngths is 
^ts^rli^d in {lifffrcnt ptopartims, th^- T-^d r.iys bcin^ Stparatcd cmt Frs| 

and the \ i olet hetng peroeptiblt to a ^reater distacice. It appears to rre 
io be pr*hable that in the passage ol ligfiE thron^h tlve fog bank^ over 

ch-e sc5. hnTrc sotnctSnn^ of tWw kmd. W T e know tliat dnriinj? foRs the 
lotiiI light resteliing the stiriace nf the srn, is reduced but the difference 
is stili ere ater tn the compositiori of that 1 in~hf owing to selrctive absorp- 
tior. That as important in its effcct or the ^"eget^tior of tfic ioa and 
indiffirily fin mTin^ aninlJils wh{(h ^ tb? fnod gf fishqS. t thuik 

that possibly as a resuti of a studv of that queation wc snight be able 
to expiain soiiir? of the peculiaritie^ we have ^hscrved in the Beascmahle 

i|is(riliulLon of finhes, Ouring snme ccrfcijn fishes are £ca.rce or 

ahsenh a fact that may bc correlated with t be psiucity of planktoii. "That 
condhioi inay be due in part to the tinaiuity and qualiiv ot the light m 
^nd racar the surfacfl of the s^ea. 

I wtsh to etnplmlze thift: irjsofnr is the improvenient of the 
fithtrits is emeerrtcri H we are haudicapp^d hy s Inek e>f knowlcd^e nf 
these fundamental physk;al elati such a* 4 hc suirv t>$ dis ens sed [his mtim- 
ing w^u]d give us. 

hlft. IUfcT"CII : I tbmk De. Mcw%rt hkS will iiOIrttcd fmt ihe Applica- 
«on that can be made of oceanogra-phie sludics tc the «conomic fiah- 
eries. The marine invertebirtlc problein. which aftcT ?IE ii r pnrr of the 
■hsherie«; r piVitilem &iiice TH^rinc ifivertebratee fjmishi the ^rejiter imit of 
ihe fwd for (i5he5 K ts in every y^ay simiLar to that of the fish fauna, 

Wc are pnzzlcd to krow why ccriain organi sins are fornid only in 
eertaiu piares, and f befie^e that the nndcrlying factor? can be deter- 
mincd only b> c^xipcr^thin with qtbe-r apcncLCfi- The Wcathfr Surtay ?ati 
undduhtedly fumish a large amounl ot data that can h£ directly corre- 
lat^d with the determination of occan eurronis. Tttcn comes rho occ-an- 

n^rjpher with hi» knoviFledgr of cnrroils of -whisch nc kn^-w only ilic 
surfaet: strtatnri ut present, T Escis comes the element of chemi 5t ry. We 
Vnow th-at as far as land forrn^ are concerne*!, cerrstin or^nL^ms 
dchealelv hnlaurrd thst if wn ?ihif( Hirm i little bit. ont tbey sro_ Tliete 
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t& proba bly no difference in maritis crcalurcs in ihis rcspect, and ii is 
possiblc that thc sanie Inw may govcm both. 

As far as I have heen abit to discover* mapping lias he-en largely 
actuatud by one viewpoint. namdy, that of ketrping ships from ninning 
agroundL In the United States the Bureau of FisheHes stands practi- 
caily alo ne in oceanographic effom along other lines. I fear that ii n e 
are to tmdcrstand the basic kiws that undeMie the lifc histories and dis¬ 
tributiori: of marine organi siris, we must have snbsea topngraphic map- 
ping jusi ns we liave topographic mapping on the land. We must have 
not only eontours bnt a knowledge of the cnvironmental conditione that 
obtain in the various places, 

Let me point out a ftw of the specific problems that worry me at 
pre&enL On the cfwisi of California wc have a decidet! hrcak m the 
distribui ion of liuoiTiI marine molhisks at Poi nt Conception. South of 
tliere we have a series of islands: San Mijtuel. Santa Hosa. Santa 
Crujc. San Nicolas, San Gemente. etc„ to Guadeloupe. On thcse idands 
we have land mollusks of the Bpipkragmop/tora neurotnbti and the 
EpiphvagMOfihora farta group. There is a great diffcrencc in cnviron- 
mental condi tions on thcse islands, but not so in the faunal dcmeni* 
which are thc same on ali thc islands, and entirely distinet frotn the 
elements. that occiir on the rrtainland. The tjuestion of how tBiesc diei!* 
came to occupy their present ratige is an interestin^ onc. A subsea 
topngrnphic siirvcy wonld probably teli us that there exists a pbteau 
that may ennneet all these islands which represent merely the peaks of 
mmmutins. while a marine biolngical swrvey might teli us that the 
Orejinnian fattnal area may streteh on thc outstde of ibis submarinc 
plaUMii away soui h of Point Conception. It is even possiblr that it 
mijiht sugjrest that ihis tiow submerged moitmain chain nrieht have 
endoscil a gulf which emb rates what we have called the Cahfomic 
faunat arca in which thus fnuna bccamc differentiated in times gonc by. 

When it comes to other nceanographic data* what a Help it would 
hc to us tn knmv the chnngrs which we find in the temperature condi 
tions nr the chemical constitnents of the w r ater along ihc coast. I 
rctm-mlier 1 was dceply puzjlcd in trjdng to understatid wliy ont 

Oclostomia which occupied littoral water was atso fonnd at onc sution in 

400 faihoms of! diorc. ( felt tliat my perception was wTOtig in not dif- 
feremiatin^ it specifieally; but 1 e?camined thc spcctmcns again nnd 
atra in and fouiul them tn he ahsoltitely the same thing. An examina lion 
ot Uic Iiyilrographic data furnished by thc L\ S Bnrcau of Fisherit^ 

the materini liaving heen cnllected by thc < 4 tbittross k showcd that thc 

same salinity conditiom esislfd in the tw r o places. Tlncre then thc 
clue why thc Kimt spectes was fotmd in both placcs_ 

U wc had carcfttl snltsea mappmg we would find Rreat deep* in 
cerni in rcKiom vvliidi would show that sontething had gone dow-n, that 
bleirk fatilting had iakcn place, and we could thus nnderstand more 
eiisiTy tlic briilj^cs or srepping stones over which land fauna?' hiW 
travdcd. 

There is n^c a isin^lt 1 oecanographic or topographic clement which 
has been di^enssed that dnes not ihrow light on our zootogical proh- 
Icms. Wlirkt we necd is more of .such informotion, and then stili more 
of it. 

Mk Vait iiiA\: In rc^ard to thc sction of bacteria, 1 wall refer io 
hktory urior io thc nri^inal cnltures to find the effcct tiacteria would 
have in ihc precipualkm of calcium carhonate. In my first w r ork m thc 
botlom <leposits nf Florida ivatcrs I pointed out that a eonsldcrable pro¬ 
portioni of tlic calciiim-earhoiiatc Inittoni depnsics of that region wa? duc 
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io Chemical p recipit at i 011, When Drew had found that tlie denttrifyin^ 
bacteria on whicli he was working prodticed ammonia I su^tsted that 
Jie had prnhably found the agency responsibte for the precipitation of 
the caldum carbonate and he began lo make cultures to ascertain what 
effeci the demtrrfying bacteria might ha ve. My suggestioti was based 
upon work of Sir John Murray, namely. that the precipitation was due 
to tbe interaction of ammonium earbonate and caldum sulphate. The 
important aclivity of the bacteria is that they lead to the formation of 
ammonium earbonate. Arty other bacteria than demtrifiers that will pro¬ 
duce ammonia will hring about the precipitation of calcium, if there h 
al&o a source of earbon dioxidt. 

Allhough bacteria are important agems in catising the precipitation 
of caldum carbonate and are probably the most important, they are not 
the only agente The agents that cati produce precipitation may be sum- 
marired as foflows: (i) ammonifying bacteria in the presenee of earbon 
dioxide ; (2) anything that tends to increase the concentration of satts 
in the sea water Uke evaporation ; (3) heat; (4) green plants. 
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THE STATUS OF OCEANOGRAPHLC ST L T DI ES OF 

THE PACIFIC 

liv Geouie F. McEwbh. 

Ul&TORICAL SKETCH 

Tlie Atlantic and Imlian occans have becn repeatedly tra- 
versed by reprcsentatives of Occidental civilization since the 
fifieeutli century, biit the rapid rise of ihe Pacific to a place of 
iiwportance tu the -world at large dates from thc year 1850, 
Until the nincteenth century, ali tegions of the Pacific excepi a 
few islands ountiguou* to t he cnast of Asia, remained almo st 
severed from the econamic and commere ial lifc of the civilizcd 
world. 

O13 September zpth, 1513. Balboa saw from a moimtain top 
on the Isthmiis of Panama a vast expanse of water extending 
westward. This was the Pacific ocean. sought in vain by Colum¬ 
bus in his artempt to find a passage to the EaM fodies, Fciur 
vijars later, in 1517, Balboa witli great enterprise and labor suc- 
ceetled in transporting timbers arui other materiale of hts *hap 
from the Atlantic to the Pacific side where it was rebuilt, thus 
inaking it possihle for h-im to sail on the great ocean which he 
hail disoovered. On November zyth, 1520, MagelUm, proceeding 
southward along the Atlantic coast of South America, passed 
l-hrough the strajt which tiow beare his na me, and was the first 
Europe an to sail on thc calni Southern watere of the ntw ocean, 
which he cnlled the Mar Pacifico or Pacific Ocean. 

Au era of geograpLical expior at ion followcd the eiiterprisnig 
voyageof Magellan, In 1567 Alvaro de Manlana tliatuwered the 
SoloTtion 1 slands, and tenyears later, Sir Francis Drakc, Ilie First 
Englishman to sail ihc Pacific, passeri tfirough the Strait of 
Magtlhn while 011 his famotis tlirce jear vovage a nuunt] the 
world, 

The ]7th century markeri the diseovery of Australia, New 
Zea I and, Tasmania. and many smaller groups of islands. Urit 
e normo u s> errors in cstimating longitude often neces sitated week? 
of seurcli for i slands and archipelagoes whose posilions were 
reconied by earlier navigators. However, this serious difficuliy 
liegan to he remediet! alter the year ijfifi, when Wallis intro- 

|W| 


Digitiied by LjOOQie 


Original from 

HARVARD UNIVERStTY 



488 


Pa\-E*ACIFIC SciK NTlFlC COXFERENCE 


duced the method of lunar distances in determining longitudes. 
In the i8th century the famotts voyages of Ansort, Bass, Bebring, 
Cook, La Peruuse and others resulted iit the completion of the 
more important geographica! ex plorat iens in the Pacific. And 
by 1827 through the memOtable voyages of Carteret, de Bom~ 
gainville, Vancouver, and Dumont d'Urville the geograpbic work 
of ocean research was compleret! in ali of its main fcatures. 
After this period of the spectacular discoveries later explorers 
were active in obtaining further geographica! details. 

Also the painstaking operation of coast survey departrnents 
of the different nations have eonttniied for the past century to 
perfect our knowledge of Coastal details. But much remains to 
be donc in fixing more accnrately the position of Island groups. 
tracing more carefully the outlines of coasts, determining the 
to[x>graphy of the adjacent bottom, and correcti ng errors of 
charts now in use 

Until the beginning of the i6th century navigation was 
rude, uncertain, and exlremely dangerons owing partly to ignor- 
ance of coast lines, deptbs and currents. Though conditions of 
navigation continued to improve with progress in geography. 
there was no untted effort to supply reliable charts and sailing di¬ 
rectioris. or other aids to navigation, till the beginning of the 
ipth century. Prior to tbe founding of the English hydrographi-c 
office in 1795. tiavigators were dependent upon individua! enter- 
prise for their charts and sailing directioris* In 1815 at the 
close of Englancfs war, interest in both trade and Science was 
revived and the need of careful coast surveys throughotit the 
world hccame getierally recognized by various governments. 
England was the leader in this. movernent to make the sea safe 
for navigation, and undertook to survey the coasts in various 
widely separa ted regions where the local inhabitants were not 
cquat to the task, At the suggestion of President Jefferson, in 
1807 the U. S. Coast Survey was organized, Some years later 
the scope of the organization was enlarged, and the name was 
changed to the U. S. Coast and Geodetic Survey. Folio wing 
Engtand/s !ead. France, the pioneer in geodetic surveying. Rus- 
sia and the Scandinaviari countries engaged in the coast survey 
movement, This cooperative effort of the nations to provide the 
navigntor with adeqtiate Information, and the marvelous im- 
provements in nautica! instmments, especially the compass. and 


Digitiled by Go<. pglc 


Qriginal frorr 

HARVARD UNIVERSITY 



OcEA N CURREKTS 


489 


chronora-?ter ( inaugunited a new era ita the sciente and an of 
navigatio ti. 

As would be expeaed, knowledge of the floor of the Pacific 
wa.s obtained cuurii later and much more sluwiy than tliat of the 
coasts. Up to the m it It ile of.the lyth century the er rancens 
opiniort prevailed that the Pacific was a comparat i ve ly shallp-w 
ocean, During the latter half of the past century, when aitis- 
faetory mcthods of dcep s.ea sounding v> r c rc devi sed, severa! lines 
of soundings wert made in the Pacific, partly in the intereMs of 
pure Science, and pirtly to supply Information needcd in order to 
sekct rqules of the tekgraph cabks. These soundirtgs dispelled 
the il Ius ion as to the comparative shallowness of the Pacific. 
However, the deep soundings made up to the prcsent time in 
the Pacific are far from uniformly distributed and are deddedly 
too few in nutnber for making a satisfacto iy contour map of the 
ooean basin. There are immense areas, millions of squarc miles 
tn extern wfiere no soundings liave been made. The depth of a 
regiort of 12.000,000 aquare miles, or nearly twice the arca of 
N'orth America, between the Polynesian l&Iartds- and the Amer¬ 
ican coast from Mexico to Cliili, was kriown un.lv in a very 
genera I way from observati-on of the veloeity of sea-waves 
causcri by earthquakes, till 1855 wheu a few sounriings were 
made by the (talian vessd Vclivr Pisani. One important resuit 
of sounding the Pacific is that it -eontains many deep chasnis or 
"deeps”* the deepest of which are found near est to coasta con- 
taiiung- the highest mountains. The greatest recorded elepth is 
5348 fathoms, jtist east of the Isi and of Mitid&nao, of the Phil¬ 
ippii! C a rchj pelago. Alsq evitkncp !» accumulat ing that the 
regions of great heights, adjacent to great depths are under 
CTiormotis stresses closely related to volcanic and seismic phe- 
noTnenn. Thus a more complete knowfcilge of the ocean depth s 
would contribute much to some of the funda menta 1 problems of 
geology, 

PK.E5ENT KNOWLEDGE OF PACIFIC OCEAMOCXAPHY 

N*tAt Eet tts oonsider some of the major resulta of sttrveys 
and soundings relative to the Pacific, Regarditig 40° S. as iis 
southem limit, the area of the Pacific is about 55 miliion aquare 
miles or nearly twice as great as that pf the nex* largest ocean, 
the Atlantic f and seve-n times that of the continent of North 
America. ItR metui depth is about 2,5 miles and the volume of 
water. 140 million -cubic miles or pix times that of ali the land 
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a bove sea level. It extends from latitude 40 tlegrces on the 
south to abont 67 degrees on the north, a distance of 6500 nvilt'. 
is 10,000 miles broad at the equator and exceeds the area of itit 
whole latui surface of the glo1>e. The coast line of the Pacific 
Ocean is abont 40,000 miles in length, which is much less thau 
that of the Atlantic. Also the drainage area of the Pacific i' 
scarcely lialf that of the Atlantic, 

For descriptive purposes it is convenient to divide the 
Pacific into two parts bv a line through Hawaii and Taliiti, 
aWit 155° West longitude. The eastem half is characterizcd 
by comparative uni forni ity in depth to withiri a small distance 
from land. There are very few islands and the eoast is nsgged, 
barren and mountainous. The western half is in complete ccm- 
trast, The eoast is comparatively low and fertile, aiul is deeply 
imlented with gtilfs and partially enclosed seas. Archipelagoe-; 
and numeroLis vyidely scattered islands rise alx»ve the uneven 
hottoni w lio se depth a ver ages abont the samc as the ea stem half. 
Another character d i fferenti at i ng the western from the eastern 
portion is the great barrier reef 1,000 miles in length off the 
east oiast of Australia. The apparently greater uniformity oi 
depth of the Pacific in comparison to the Atlantic may be due 
in part to the fact that the Atlantic, owing to its smaller area 
and greater coni mere ial itnportance, has been much more tlior- 
onghly surveved than the Pacific. 

Along with discoveries and invesligations pertaitiing to tfie 
continent,s, islands, coasts and ocean bottom, considerable atlcn- 
tion has becn directed to the ocean itself. The pbysical pTupfr- 
ties of ocean water especially its motion, temerature, and 
density were first considered, and later, attentio» was directed 
to its chemical compositiori, its alkalinity and acidity, and the 
amount of various gasses in solutiori. There is no property of 
the sca more obvious than its motion as indeated by naves, 
tides and currents cspecially near shore. The horizontal flon\ 
called a current, stream or drift. although not in general a' 
apparent especiaJly when far from land, is just as character- 
istic as the more obvious motions. The use of satisfactory 
methods of mcasuring currents has been greatly limited, \\e 
are rnainly dependent for our knowledge of surface currents on 
the recortls of deviations of the actual courses of ships from 
their apparent courses jndicated by compass readings and dis- 
lances moved with respect to the water. Such knowledge ha* 
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been supplempiitpcl by reoords of the tracbs o! drift bottles. 
wrecks, and natural floating objects, and by inferentes frora the 
distribimon of temperatur* and salinity. The accumulated e vi¬ 
dente tip io the prtsent time proves that oceanic circulat ion takes 
place in a vast systetn of courses traversing al! the occans, The 
genera. I subject of oceauic circu latiori has engaged the attentiori 
uf both practical navigatnTs and scholars for centuriem and its 
importance in connection with otlicr fields of inqmry, e.g. p biol- 
ogy, geology. and meteorology, has long beem recegnisetL. Ocean 
ctirrents Itave been. -of as gneat inornent as air current & in the 
history oJ luiiuan progiess. The dispersa! of mankincl and the 
jrrailaal pcopling of half the gtotie is regarfht! as due in great 
nieasnre to transportstion by ocean currents, 

Mcatiiircrnciits of octan reniiferatiircs wcrr begtin nrutch 
later tlian current, or ti<k cjbsenra-tionf. The thermometer was 
not invented till abont the year 1600, and nol tintil 1768, or 
nearly 50 years after tlie introductio» of the improved Fahren- 
heit seale, weie die ocean temperatu res first measured. In 1772. 
or thrre years before Franklin's famcus studies of the Gulf 
stream temperat ures m the Atlantic, Pacific Ocean temperatu res 
were first measured durlng one of Captain Coolt's expeditione. 
In fact, tliis is ihe first purcly scientific expeditiori on. recorcl 
Accurate temperature observations below the swrfacc were first 
Uiade 3 Ifw years later by II. B_ de paiissure, Hc used the 
simple but very s-low metliocl of leaving an ins-ulated tlleflHfilil- 
eter at the de&ired depth for severat hours. anci iminediatcly 
reading the temperature after raising the protected thennometer 

ti> the 5 Lirfa.cc. 

FrankliiTs gulf stream work gave rise to the genera! prac- 
tice, followed by many navigatore of taking regular snrfacc 
temperature ob 5 Ciralk?n& a* an a id to th* stutly of current*, 
and durirtg the latter Iialf of the nineteertth ceHttiry severa) 
nat ion 5 supplied vesscls especially equipped for carryitig on 
scientific exploratioris, The scienti sts on these expeditioni were 
engaged in measuriitg temiieratures and de»sities at various 
(jfpths, as well as in malting soundiugs and collcction*; of mirirte 
life, Alse» through the efforls of such leatters as Humboldt and 
Renue! in oompHing, and siuclying reconls of varicus scattcred 
observationi of temperature, currents. and meTeOTologkal phe- 
nometia avaiiabk in the first half of the tgih centnry. prdimi- 
nary ideas regarding the gener»! charae te risties of lli-e corre- 
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sponding ocean and atmospheric phcnomena were obtained. And 
along with the organized efforts of various govemments for 
carrying on coast surveys, there was a more systematic collec¬ 
tiori by navigators of data on currents, temperature, winds and 
barometric pressures. In 1853, through the influeuce of L,icut 
M. F. Maury of the U, S. Navy, a uniform System for making 
and recording ocean and atmospheric observations at sea was 
devised, and is stili in use with only slight modifications. As 
such observations accumulate, they yield valuable informatkm to 
the navigator regarding expected deviations from the coursc 
apparently sailcd, and they form the basis of methods of fore- 
telling and avoiding storms. 

From a study of Maury's sailing charts, which appeared 
over a half century ago, and indicated the avcrage conditione of 
wind and weather, marine interests soon found how to mate¬ 
ria liy shorten the duration of voyages, Such marine data were 
perhaps more important m choosing the most favorable route 
between ports, when the world's commerce was carried mainly 
in sailing vessels. But it must be remembered that a large por- 
tion of ocean freight is now carried by tramp steamers of low 
power, sailing vessels and auxiliary schooners are widcly used 
in coasting trade, and even the high powered steamers cati be 
more econoinically operated by taking expected winrls anci cur- 
reuls into account. Thus, while ali mariners are especially 
int-erested in the location and movement of storms and devia- 
tiotis from the courses apparently sailed, as indicated by log and 
compass,. the pnoblem of economical trade routes in which winds, 
temperatu res and currents are important factors demands atten- 
tioti today, and not only safety, but economy in modem naviga- 
tion can be increased by leaming more about the ocean and by 
applying such knovvledge, 

The epoch making voyage of H.M.S, ChaJlenger in 1872-76 
marked the end of the older order of in vestigat ion, and the 
heginning of modern oceanography as a preci se science. One 
of the basic undertakings of the Challcnger expediti on was the 
care fui chemical ana lysis of many samples of sea water, from 
widely distrihuted positions in the larger ocean areas. This 
investigation led to the imponant conclusion that in gener ai the 
proportion of the different substances remams- nearly constant 
in the ocean, though the absolute ainouat, as indicated by the 
spccific gravity or density of the water, varies mater ially. 
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The prelimin&ry i n\es tigations aheady made in tbe Pacific 
and dsewhere, demonstrate tliat an outstanditig 1 feature of atiy 
properi}'. physical or Chemical, of water in the ocean is its 
variability with. respect to time at a given place, The ccntii-- 
tion o£ the ocean is an index of the actions of diverse caules 
varying in intensity. There is a contitutal tendency of tlie ocean 
to approach a condition of physica! and Chemical equilibrium, but 
owing to the varying nature of the itifluetices constantly at 
work, adjnstrtietu to tliem is never complete. Therefore, suffi¬ 
cient continuity of observ^tipn^ "botli in time and space must 
characteri ze iny thorOugh in vestiga tion o£ the ocean. It seems 
as if the opporttmities are nearly passed for such spectacular 
achievemeitts as discovertng the region of greatest depth, being 
the first to s-igbt an unchartercd Islattd, or revcaling, by making 
a Few observat ion s, seitie iuntlamental faqt, such as, the pre.sen.ee 
otf water near its freezing temperature, even under the equator. 
Future pTOgress will probahly depend upon a vast amcnmt of 
Toutine work, involvjng repeated observations of the sanie kind, 
tising- Standard methods, accompanied by appropriate impro ve¬ 
rnent s in accttracy and tecbnique. Witliout such data we citi- 
■not hepe to fulfill the object of the Science of physical ocean- 
ography k whieh, aecordin g to fhe Fnencb oceanograpber, Thou- 
let, is £< the applicat ion to th-e natural ptienomena pf (lie sea, the 
precise methods of the exact Sciences, math emittes, mechanies. 
physies and chemistry,” 

The ocean ographic problema of the future will be couccmed 
largcty with the distributiori of physical and Chemical properties 
and their in t er r elatioris. Owing to oceantc circulat ion, water 
having a certain temperature, salinity, etc., Ls cotitiiutally moving 
into regions whero local conditions tend to produce different 
magnitudes of these quantities, therefore oceanic circulation 
must be a Central feature in ali problems- of (Jistribution. The 
physies or ehtinistry enf the ocean is evidently very different 
from the physkft or chemistry of small sani ples of ocean waier 
in a state of equilibriuirt. Thus, the treatment of oceaitographic 
probUm 5 deuismds the cooperative efforts of many investigators 
in various fields of Science itsing standartlized methods of malo 
ing observatioris. The nearest approacli to observations in the 
Pacific sufficictitly numerous atirl continuous to suppiy tlic basis 
for sound generalizations, relative to tlic ocean as a whole, is 
founcj in the numerous records in the lof hooka of navy and 
commercial ships. The government meteorotogicaJ cliarts of sur- 
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face temperatures antl currents are coinpiled largely from repnrts 
of navigators of such ships. 

Our knowledge of the properties of water at intermediate 
depths of the Pacific is liascd on very meager evjdence. In 
n;[(X after thc scientific rleep sea expcdition of the German 
steame-r Valdkia, in the Atlantic and Indian Oceans, elaborate 
charts of the temeratu re condit ion s of these oceans were 
lvorked out by Cerliart Schott. This occanograplier conci udet I 
that it wottlrl l>e highly desirable to prepare simi lar charts for 
the Pacific, bttt after exaniining ali available data fouiui le>' 
than 700 lines of temperature? takcn from the surface to ihc 
luittom. 1 loreo ver these were far frorti utiiformly distributeil. 
Thus, i ii attempting to draw the isotlierms for various depth>. 
zcro. 100 metcrs, 200 meters, etc„ he was guided by less tlian 
nne vertica! line of observation for every 50,000 square mile*. 
Such deficient data may serve as a basis for determining domi- 
nant characteristics of certain temperature distributio ns not 
materially aflfcclcd by changes of season. They may l>e of 
valu e in iudicating certain regions w Ite re in tensi ve observatio» > 
would be of specis l iiiterest. 

Now I ivish to call your attcntion to sonte of the sal icti t 
features of the conchtsions relative to the water of the Pacific 
and its overlying atmosphere. The phenomena of atmospheric 
and oceanic circulatiori constitute portions of a vast terrestrial 
mechatiism driveit by radient euergy from the sun, The varving 
iutcnsity of this radiatiori. the distribution of land and water. 
,111(1 the rate of tuming of the earth on its axis detennine the 
character of the circulation. And the distribution througliout 
the ocean, of physica! and chcmical properties such as tempera¬ 
ture and salinity or saltu ess affords a valuable though indirect 
nictltod of investigating ocean currents. Direct measnremenh 
of winds and atmospheric pressure* provided by marine ubser- 
vers form the basis for our present knowledge of atmospheric 
circulation, or wiml systems. And, on account of their accedi* 
bility, the lowcr levels of the atniosphere, and the upper surface 
or laver of the oceans are the regions liest known. The com- 
pilatiort of many thottsands of atmospheric and ocean oli^rva- 
tions in this area of contact of the atmosphere and hydrospbere 
leads to certain prevailing phenomena ivhich make up a simple 
and wetl defined sebem e. subject to important seasonal varia - 
tions. In the Xorth Pacific are two "centers of action. 1 ’ One 
is the area nf higb pressure tvhose ccnter is at the latitudr <d 
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San Francisco: auri o-seillatcs ahcitt a posidon half way hettveen 
San Francisco auri Hawaii. Tlic ivinik blow outwarri fmm the 
bigh pressure area, along spira! paths. conti nually tnrniiig ro the 
ri^jht, thus ptiidunil^ a vasi eddv with 9 (l<ickw!s^ mcjtion, In 
the South Pacific Condstions are simi lar excepi that the motion is 
comiter clockwis-e. The deflecrion, of these air currents agrees in 
both cases with what would bc expected from the pressure 
changes ani the effect of the earth's rotat ion, These two cir¬ 
culatio ns coni bine to produce Lhe vvell-known trade wtnds tilow- 
ing from ea st to ivest in the cqualaria! regions. 

In the northern wint-cr scason a iow pressure area calleri the 
Alcutian loii' develo-ps at about 50 0 North Utituilc. a counter 
eiockivise moEion of air abuut this cetiter and heuriing toivard it 
would be expiecretl. and ohservidons confirm etiis, conclusion. 
In the northern stimmer this "Iom " iveakeus ani at times even 
disappears while the "high 1 ' of temperate latttudes is most 
intense. In iheir essentia! features the stiriace currenti of the 
ocean foliow mtich the s-arno pourses as the winds which tlrive 
thern, btit are itt generaI more stable. This’ great system of 
occa ii currents cor res pontis to the fty-wlieel of the terrestria! 
machine. In the 111 iridi e of the equatori al current a Httle north 
of the equator, and correspondiug to the zotie of calms is the 
equatori al counter current arising indircctly from the impingi ng 
of the main current on lauri masses to the west. auri attainmg 
its maximum velocity in sunmier. 

Also the great equatorisI current flowiitg westvunl urith. a 
velocity of abottt onc mile an liour, and havitig a Irruat! th of 
sonie 3060 miles gives rise to ttvo vrarm backwater utreams. onc 
deflectcd to the stmtli and one to the north, hy the Western. lanri 
harriers. The latter, or Japa.11 st ream continues, in a va st curve 
to the east. « here, ivith iiminished velocity, in the neiglibcrliood 
of the State of Qregpn,. Lt divides imo two branches, the smaller 
otie flowing north. and west along the Alaskati coast, the larger 
flowing south-uest at a fractiori of a mile per lioiir, auri finalty 
coinpletiug in the tropies the Circuit of some 16.000 miles. 
Broadentng to the w-est from Qregon, sontli as far as Mag- 
claJena bay in Lower Catifornia, is the colri Califnmia current, 
believetl to be suppi ierl by the upivelling of cold boltom water 
al! along the coast between tbese places. 'J'he tnain featttres 
of this North Pacific circulat ion are repeateri in Ilie South 
Pacific, bnt with a counter clnckwise niofion, auri an 11.11 inter* 
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rupted ftow to the a? its sonthern border. The cold portio 
of the current flowing north along the west coast of South 
America is called the Humboldt or Peru current and is colder 
than neighboring waters by about 20° F. 4 

The Equatoria) circulation gives rise to a broad warm water 
area extending from 20° north to 20° south latitude at its 
westem boundary and diminisbing tovvard the east to less than 
20 ° in width. This warm area includes nearly ali of the coral 
producing regions of the Pacific. 

The great zones 'of rapid evaporation in the trade wintl 
areas on both sides of the equator correspond, as woukl be 
expected, to regions of high salinity* From these zoncs an 
enormous quantity of water is removcd and carried as vapor to 
be precipitated on tbe Polar regions, both North and South, and 
on Continental areas as well. To replace the water thus reinoved. 
the cold water, especially of the Aiitarctic. to wliich the Pacific 
opens freely, descends and flows very slowly towarrl the equator 
and upward. This cold bottom water also appears to be the 
soiirce of the two cold surface currents already noted. Thus 
the hottom circulation, which is known only indirectly by itifcr- 
ence, appears to be quite different from the better known surface 
circulation, The general tendency is toward an equalization of 
temperature extremes, and an aeration of the whole water mass. 

While something is known about certain branch currents 
resulting from the intricacies of topographkal features. and vve 
ha ve a gcncral idea of tlie ch anges in circulation and tempera¬ 
tu res from winter to summer, but little has been done toward 
gaining a detailerl knowledge even in small mshore areas favor- 
ablv situated. 

In conclns ion. it is of interest to tts that the Intemaiionat 
Cruincil for the Stuily of the Sea, organized in 1901» by repre- 
sentatives of lending European nations, lias now restimed its 
activity, tenipnmrily interrupted by the war. Two delegate? 
endi. from Creat Britain, France. Belgium, Hollatid. Denmark, 
Sweden. Xnrway and Finland met in Londoii from March 2-6. 
1020, adopted an extensive program of exploration and study. 
and arranged to hold their next meeting in Copenhagen in 
iq2i, Tn planning their program of work they were gutded bv 
the following general object: ''The dcmarcation of the differ¬ 
ent water-strata according to their geographical distribution. 
their dcpths, thetr temperature, salimty. gas-content. plankton. 
and nirrents. in order to discover the fundamenta! principies 
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tiiat guveni tlic rtistribution of marina aiiitnals ns*ful to man, 
and also for weathcr-forecasts over extemderi periods in the 
intercas of agriculture."' 

No Mich cooperative piati lias been followed in th.e investi- 
gatioti of the Pacific Occari. Cut the encouraging resti It i of the 
Huropcan pla.it , involvin^ observatione limitet! mainly to the 
Nortbeastern Atlantic and it» neighhcring ^-eas aikI jfiilfs su#- 
^ests Romething of iHe reward to be expected from a suitable 
program of ocearographic work iti the Pacific. Let -us try 
to profit b> th.e? exanipic of European nations wliose richcr and 
olrler experictiec has denitmstr-ated the importante rif a caneful 
and thorrjuffh Imuwtef l^e- «f the- occans. 
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HYDRQGRAPIIIC ASPECTS OF OCEAN CURREXTS 

By G, W. Littlehaues 

In response to the request of the committee cm Program the 
foliowing contribution is presented. 

The seat of this. Conference is in a realm of unsiarpassed 
promise for the fruits of scientific investigation. The emporium 
of Honotulu stands in a Central place in an expanse of ocean 
whose vast area exceeds by i 0,000,000 s qua re miles the tota! 
land surface of the globe, and whose cubical content is esii- 
mated to be seven-fold greater than the bulk of ali the UtuJ 
above sea leveL The indications are that throughout mne-tentte 
of ita expanse the depths are greater than one mile, and throtigh- 
out three-fourths of its expanse the depths are greater than 
two miles. Many high rnountains rise from the bottom of the 
great oceanic basin of the Pacific, often culminating in emer- 
gence above the surface of the waters ; and many deep depres- 
sions sink beneath the general leve! of its floor, especially in the 
western part: the highest rnountains upon the islands of the 
ocean are iliose which rise upon the Hawaiian islands, and it 
contaiits the greatest depression hitherto discovered in the eartlts 
crust, marked by a sounding of 5352 fathoms near the island uf 
Mindanao—a depth so profound that if the highest elevation 
in the world above sea level were set down within it, the sum 
mit would yct bc 3000 feet beneath the surface of the sea. 

The presetice of so great a volume of a substance having 
tlie highest known capacity for heat—which may be gauged 
by the statetnent that the specific heat of sea water is abuut 
thirty times that of mercury—rmist constitute the Pacific Ocean 
a dominatu factor in terrestrial physies, exercising a goveming 
influente through its eireulation upon beat transference and 
upon climate and the development of vegetation, and, by the 
enginery of its variation of physical conditi on from season 10 
season and year to year, promising, when it comes to be under- 
stood. to cnhance ali those wealth-prodticing sources which 
operate in seasonal cycles. 

The former and present role of the ocean in the history of 
the earth and in its economy has forged bonds of kinship be- 
tween oceanography and many other branches of Science, be- 
causc oceanographical in vestigat ion presents a field in which the 
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itlterestfi of the cisgnaLu scifnces conspire (a induc e caopera- 
tion.. 

It is iit the Stfikl ocean overl&ying the marine ocea,n that 
the prime mnver in. oeeanic circulation is found Operating 
around regions of barometrie maxima in the eastern part of the 
temperate zone of the nonh Pacific and south Pacific respec* 
tively, wherc action-cercters exi st througb the accumulat ion of 
more tlian the average amount of the earths atmosphere. the 
win-ds induu siirface curr^iits in the jnQving ii; a f1(jck- 

wise eirtuit iri the north Pacific and in an anti-clockwise circiiit 
in the south Pacific with modifications brottght about by the 
mfluence of atmospheric centers of action where therc is les.5 
than the a ver age atnount of the earth’s almosphcrc and yet 
others whe ne there is alternatcly less qr mpre qf -the earth’s 
atmosphere. It* the trarlewinrl regions evapora tion is very 
great and heoce the salinity of the surrace waters is higfo, but as 
the temperature is also high in these regions, the highly saline 
water re maius at the surface during its wcstward tlrift in the 
tropicat regiori en hoth sides of the et|uator and thtnce pole- 

ward in the westem part both of the north Pacific and south 
Pacific until by reduc tion in temperature, the density becomes 
greater than that of the surrcunding waters. The systemati- 
cally varying distributiori of s&lintty and temperaturo givirig rise 
(4 a systematic distfihption of density «r heavirtess of the waters, 

is one of ihe basic faciors in the suh-surface or inner circula - 
tion of the ocean, causing a sy sternat ic dcscent frotn the surface 
of the heavier waters which characteriEe the palar borders of 
the temperate 20 nes, and a slow movement thence of the d-ceper 
waters, entirely distinet from the oscillations o-f the mass of the 
ocean set up by seiches and tides. botii toward the equator and 
tow.ard the pok in the south Pacific atid toward the equator in 
the tiorth Pacific, where ascetulirtg currents rise from the depths, 

The cligradcrhtics of this system of ciTCtila.ti.OTi may be inter - 

preted by profiles showing the diRtrihutinn of temperature in the 
depths and oonfirmed by profiles showing the distributiori of 
oxygen in the depths. In the former, the isoitiermai lines show 
a pronounecd downward tretid in the polar borders of the tem¬ 
perate zo nes and a prorioUilCed upwafd t reild in tlle eqnitOfia.1 

regiotist and in the lalter it is evtdent that ihe waters in the 
depths of the ocean in the equatoris! regions have heen much 
longer out of contatt with the atmesphere than lite waters of 
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the temperate latitudes which. riescending from recent comari 
vvilh the atmosphere, contain by absorption ahont tbree times 
nruch ojsygcti ai tlie decp cquatorial waters which tiave ascendeit 
frora tlie (lepths at tfte of the long Circuit of the bctLtfim 

water; towarrl the equator, 

These massive movements are in striking cuntrast to ihe 
rdattv-ely rapitE rate of morion of the surfege currente impelbl 
for the maiii part in genera I accord with the aut i -cyc Ionie ci r- 
Cuit of the vviricfe, which, iri tlieir ctirect and indirect effeci 
Taken in conjunctiori with tlie configurat ion of the continenti, 
constitute the prime agency in originatiuig and maintaitiing tlie 
circulat ion of the ocean, 
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1XSHORE CURREMTS 
Rv J, T, WatkinSi 

(Abstract prcpaned by the a.uttinr.) 

Iti coiit lectiori wtili ille statemeiltS eoncerning suh 

marine relief. genera! cireutation and other phenomena of tlie 
ocean in tbeir broader aspects, attentkm is invite:! ;o the marked 
changes in character wlricli sudi pltenornena imdergo as we= 

Itave oceatiic depths and approach the slwrc. 

Iu tlie Coastal w^ters th? battom relief orteii stvnvs the 
saine complex cliaracler as the nei^hburing topjgripllj - , I ItK 

also the horizonta) and venical mn venient s of tlie water are 
ruo st variabit and no kss complex tlian the associated subma- 
rint relief. The same is iruc tif the distributioii of temperature 
and silimiiy. In tliese stioaler waters terresiriat magnetisni 
exhihits manv' of the luarked local variat io-ns and disturbandis 
whicli are characteri stic of the lantl, rather tlien the more gradu - 
rtl changts from poitu to poim over ocean areas. 

In vievv of thiw greater complex ity of phenoinena eneoun- 
tereti and the more tktaiLcd data requireil in a survey of ttase 
iiaij>irtaitt ivattrs extendlilg icisiiure fnim the IDOO-fiitllom Ctirve. 
it is at once apparent tli-at tlie work sliviitd tie uiidcNalctll aS 
«ooti as possihle and completori as cjuiekly as practicable; and 
«tot oiily on accottnt of tlie greal basic scienti tic irsilue of the 
resuit 5 t*i ooeaitography and rclateci subjects, Init because it is 
: nile* pensabit* to tlie safe and eooiiomical iijvii^aom of these 
important irate rs antl witl contribute data nseftil to varii hi s otlier 
maritime interests, 

The marked regulari ty and frequent occurrente of curves 
in the idiordiue note*! iti tbe vkbiity of Cape Cc*d Ray. at Cai« 
Ciiiaversl and iti otlicr localities, prompled an examination of 
the fmore striking e sani ples with a wvi 1 tu ascvTtaiiiitig tlie tui¬ 
ture of sncli femus and t hei r cause. 

Many sif tliese f eat ures nere s United on snrvey field dicet* 
of coni parati vely large scale anci of a liigli degree of preci sion, 

atul tiie conclusum wiw rewlied tliat the curve is apparently psra- 
butic and of tlie fnrm j a =2px. 

It scems that this alignnicni of tlie sliore lines is tlie forni 
of ccpti libri nin t?r stabili ty assunied liy the resisting materiat of 
the shore iu opfmsitig tlie activi ty of the iiicau resultant of tEie 
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inshore waves and currents operati ng through erosion, trans¬ 
porta tion and deposition. 

Thia type of shore Une is found in some rivers where the 
materiat of the banks and the velocity of the current favor ii? 
development; the lower Mississippi River is an example. 

The alignnient of the ioo-fathom curve in parts of the 
Straits of Florida, the south shore of the estuary of the St. 
Lawrence and also the axis of the Aleutian Chain of islands 
were possibly influenced in this manner. 

If this forni does develop the maximum resistance of the 
shore materiat anxi reduces the effecti veness of waves and cur¬ 
rents to a minimum, then it is not only an interesting physio- 
graphic feature, but may have controlling influente upon the 
design of dredged channels, traiuing walls, jetties, breakwaters 
and simi lar works, as the alignment adopted for them has an 
important bearing upon their stability and effidency. 

It is also evident that pipes, fi umes and other artifkiai 
cliannels, in which the motion of the contained liquid under- 
gocs change of direction, may give better results if the change^ 
of direction are made along a parabola instead of the usual 
circle, 

The object of these speculative notes is to suggest the 
d esi rabi lity of further inquiry into the matten 
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OCEAtt CURREKTS AND ISOSTASY 

Bv WlLLTAM BOVVIE 

(Kemarks in response to a calt from the Chainmn.) 

The investigations- in the subject of isostasy have led to t3ie 
detrite conclusiora that lanr! masses which appear above the 
surface of the occans have less deme materia! in the outer por¬ 
lion of the earth'* materia) under them than ejcist utld-er the 
ocean areas. 

rscistasy cannot explain how this conditio» came ahout; 
whether octans have always existcd in t hei r presem positions 
and whetlier continents have alwiys «xisted where we now hrul 
them are questio na that the geodesists do not tonsider, 

As> thc continent? ar? erpded, |he Uostatic adi^stmertt fn>iti 

the areas of depositiori to the arcas of ero sion shnuld resuit iu 
the land arcas beoommg graduslly lower. This ia due to the 
fact that ai a certa in vo luror of light mater ial is erodcd frottl 
the surface an equal mass of .miti e w hac hcavier mater ial is car- 
ried into the cclumn under the area of erosion, We can. reaciily 
see that the volti mes being different, the surface should hecome 
lower in elevat ion. 

That there ha ve hecn enormous changes in elevation is not 
to t>e doubted. These changes come aWot from soni? oth^r 
cause than merely isostatic adjustmeut. If vre ha ve had theSe 
great chauges which have been observet! in continenta] areas, 
then. it is possible that sume decided dianges in elevation ttiav 
have taken place within the ocean areas. If snch changes have 
i@ken place then «ndoubtedly changes in the strength and di¬ 
rectiori of ocean currenfs would have resuited. 

The geodetic s-tudies involving the theory of isosmy di> 
not throw any light whatever oti the -constan-cy of tlie oceans 
and of the continents. Of course, if unly the isostatic adjust 

ment were operaiitig in the outer portion of the earth, then we 
should ftxpect the ocean 5 and continenta to renui in practically 
unchanged but, as stated abuve, it is found that gneat changes 
in elevation have occurred which canot be accounted for on the 
theory of isostasy. 
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(Rcmarks. in rts|ions( to a cati Imm rhe CKiirman.) 

It is generally assnmed that: the earth cooled from a more 
or less molten condition giving a solid crust and getting iis vvattr 
from the condensat ion oi the primitive atmosphcre. Certam 
General lines of fracture appeared in this crust reluit ini; in forni- 
ing raised areas making the sliores of occans. The generaI posi* 
tions of occans aiul continent s liave remained r he sanie wilh 
various risings and sinkings resulting in variations in relative 
areas, depths and elevations. We ha ve reason to think that 
the Continental masses and ocean areas date from the dawn ot 
geological histnry. As evklence we fimi the oldes-t roeks iii tlie 
ceti te rs of Continental masses, for examplr, aromtd Hndsoii Eay. 
We find that the deposits are ah from relalivelv shalloiv ivarer, 
sav from lOO to 200 fathoms. No evidence of ahvMiia! <lep»siP 
are fontid in the interiors of continenta! masses. The rocks oti 
the ocean donrs are relatively heavv. of continent s, relatively 
liglit. 

There fore the ocean cnrrents liave lieen essentiallv the samc. 
uith more or less variatiori duc to supposed rising*. and ialltiifjs 
in paris of the eartlCs surface. Tim does not artVet the deeper 
areas. 

The ImttoTii of the ocean is hnt little known. It is liojicd 
that the Cnnference will emphasi ze the importa nec of tlie Mudy 
and exploratioii of the Pacific hottnm. The hetrographical char¬ 
acter of the sea liotlom dejxisits ts important. The Chafti'H£i m r 
fonnd t lies e to hc tmifortn after the first few miles from shnrc. 
eonsisting. in the deepest parts, of red clay of tinknowii rtepth 
and snpjxirting no life. Borings sliould Ire taketi even into the 
rocky llonr lieiieath, Chemical analvsis in dicat es tlns red clay 
to Ik' of voleanic origin. 

The iccherg-borne Llocks of rock fonnd on the sea Ixittoin 
might fttrnish valuahle evidence as to the ocean currents, A 
stinlv <>f ilie splierical Imdies froin meieors known as diondnilc' 
tound in oceaTiic deposits wotikt also l>e valuable. There niay 
also t»c foiirnl Mime of the yellowish white gtass stones, [ mol- 
darites, anstralites. <?U\ I now fonnd in a few localities ivlierc 
tlie re is no voleanic activity, which are suppo sed to Ix; nieteor- 
ic, and if found on the ocean floor these might give valuable 
data 011 their met corie origin, 
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OCEAN CURRENTS. THE TRIME FACTOR IN THE 
DISTRiniTION OF MARINE MOLLUSKS OS 
THE WEST COA ST OF AMERICA 

Rv Paul B.vrtsch 

In this paper f ha ve considcrwl all the avaiiabfc data re- 
Uting tu the distributiori of the retent wcst American species 
of the 13111117 IVramid-elKdae, t}esei*il»d in Rulletin f>8 of the 
United Stares National Museum, and the additioni! fornis, de¬ 
seri bed in the supplementa] papers publislied in the Proceedings 
of the United States NadonnL Museum, volume 42, page 2rtl, 
H)IJ, the Naotiliis, volinYie ^0, llu.rrtber J. \Ovemlief, 

Kjifi, and the Proceedinps of the Riolngical Societv of Wash¬ 
ington, volume 31, page 81, june 29, 1918. There have also 
licen induded licre notes on specimen* froni the west eoast of 

America, wtiicli have tiecn tletermirpl for varicius instituii<ms 
;in<[ individua Is sitiee the publicatio» of the se papers, 

I11 the prepa ratio n of the present paper a card was pre- 
imrtd for cadi spccics, 011 wtiicli has been noted the nwnlicr 
of speci mem examinet!, the beatity frocti uliEcli ihey wer-e 0I1- 

taillcd, dcptli in fatllnms. Iiottom temperatu re, character of Imi’ 

tom salinity and dwposirton of materiat, the last *u1x1tvifl«1 
i nto two colurnus, orie citiiig the catalogue ntimber, the other 
the collectum in wliich the material oecum. 

These speci fic care Is fu II rcadily tnto a saries of 
^riphic divisiCms, whicli in tum can easily l>e gnoiiped io cor- 
re.sjiond with tlie great faunal pro vinces outlined hy S R. 
Woorlwanl. Manual of Mollusca, London, lSst-rS-^i, page* 
and 373 to 377. anrl later more ftilly discussetl by Dr. Dall i 11 
"Kiir Seals and Fur Seal Tshiuds «f tlie Niortb Pacific." pnrt 
3. i&jq, page 5.59. and in the Proceedings of the United StMt-s 
National Museum, volume 37. 1909. pages 185 to igt. 

My paper "A Zougeographic Study based «ti tlie Pyrii- 
midfllid Alollupks oF the West Coast of America," lVoceedings 
ijf the United States National Museum, volume 42. pages 297- 
'44ft, suggests a siight r ea rran gement of the subdivision Cfaunal 
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areas) which the larger provinces have been held to coma in 
in the past. Here I have retained five primary provinces, using 
for them the temis Arctic, North Temperate, Tropic, South 
Temperate, and Antarctic. 

The Arctic province includes the Arcti c in the restricted 
sense and the Aleutic of the present paper. In the Arctic in 
the restricted sense there are 4 species belonging 2 each to the 
subgenera Evalea and Amaura. In the Aleutic these two snb- 
genera are found containing 17 out of the 23 species peculiar 
to it, the remainder comprising a single species of Menestbo. 3 
of Striot urbonj] Ia, and 2 of Pyrgolampros, the last named sub- 
getius being practically confined to the North Temperate prov- 
ince which harbors 27 out of 30 known species. 

The North Temperate province, embraces the Oregouic and 
Californic faunal areas. The leading feature in this province 
is the subgenus Pyrgolampros, only 1 species of which is known 
in the Tropic province while 2 only are found in the Arctic. 
The subgenus ilormula is also quite charae teri Stic; 4 out of 
16 species are found in the Tropic, and none are known from 
the Arctic province* The subgenus Ivara is entirely confined 
to this province, and Careliopsis and Salassiella are known from 
the Californic faunal area only. Evalea findi its greatest de- 
velopment here, being represented by 52 of the 68 species known 
from the entire west coast. 

The Tropic province embraces the Mazatlanic, the Pan- 
amic and Galapaganic. In this we find the following subgenera 
peculiar to the region, Pyramidella, Pharcidella, Ugartea, As- 
mtmda. Lysacme, Sa Iassia. Pyrgulina and Haldra, The rather 
large subgenus Amaura is entirely unrepresented and Pyfgo- 
lampros has but a single representative. 

The South Temperate province, has so far revcaled only 
4 representative?, 3 of which belong to the subgenus PyTgiscus 
which ranges over the North Temperate and also the Tropic, 
and oue of the subgenus Menestho, which has an equally ex¬ 
tensive distribution, 

The Antarctic Pyrami dei lid fauna is unknown at present. 
Init jtidging from the currents, one notes that 2 faunal areas 
are indicated in the Antarctic province; one, the Magellanic. 
correspomling to the Aleutic of the northem hemisphere cover- 
ing the region between Chilpe Islam) and the Strait of Ma- 
gellan, the other, the Antarctic, »n the restricted sense, corres- 
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ponding to the Arctic, in the restricted sense of the northern 
hemisphere, coveritig the South Shetlands and the territory to 
the sputh of them. 

The present study marks welL the variotts subdivisions of 

the larver prQvinges intp- whtch the Continental shelf fpuna of 
the west cnast of America is divtded. 

They may be defined as fcllows: 

r. AttCTiO- This extends from the summer limtt south to 
the winter limit of the pack ke. that is. from the Sea-Horse 
Islands south to Hagemeister 3 s latui. This region is charactet- 
ized by 4 species bclonging to z suhgeticra. (See first column of 
summary.) 

2 . AUEoTic. This cmbraces the Aleuti&n Islands, the Alas- 
kan Peninsula, and the main coast of Alaska with their adjacent 
islands south of Sitka, and probably the Inl&nd straits south to 
Dixon Entrance. This region is characterized by 23 species 
belottgitig to 5 sub genera; twc addit innat species are comrnon 

to this and the next area, (See sccond column of sumtnary.') 

3. oheoonic. This- fautial area extetids from Sitka, Alaska, 
sOnth to Point Conception, Califomia, and probably south ori 

the outside of Sati Wigttel, Santa Rosa and Sati Nichulas, and 
San. Gemente Islands. It is diaracterized by 74 species be- 
longing to 14 snbgenera. Elcveti addit io tral -species extend over 
th is and the next area- (See tMrd qolumn of sutnniaiy.) 

4_ cai^iPornic- Thi$ extends from Pgint Cotieeptjpn, Cali- 
fbrnia, south to Cape Sl. Lucas. Lovver California, It is charac- 
ttrized by 173 species belotiging to 27 subgenera. Two species 
are cotnmon to this and the ttexi area. (See fourth column of 
summa 17.} 

y M-Azatlanic. This extends from Cape St Lucas, south 
to Ac-sj litta, Guatemala. ]t is chaiacterizcd by 101 species 
bdonging to at> subgenera. No species are comnon to this 
and the next area. (See fifth column of surrunary.} 

6. pakamfc. This area extends ‘from Acajutla south per- 
haps to Aguja Point. Peru. It is charactcriied by 47 species 
belonging to 19 subgenera, (See sixth column -of summary.) 

7, oalapaganic. The faurta of these islands, though small, 
is absohitely distinet and denotes a septale area- It ocmslsts of 
5 species btl-oiiging to 5 subgencra, (See seventli column of 
sumtnary,) 
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Tlie Pyramwlclliil maierial from tlie wcst coast of South 
America Pontii to Agtija Point, Peru, is exteetfingly icant, tot> 
mttcTi so to ptrrmt of auy dc£mte mappin^ <A fauna! areas based 
upnn this group alone. Init if wt apply the sutme fictor?; u-hieh 
are faiinri to lioltl iit the northem htmisphert, wc can sav thai 
onc arca, the Feravic (8), extendi» from Point Aguja, Feni, 
south tu Chi Eoe Islaiul tu the Strait of Magelbti, and a thinl. 
the Ai Itare tic (lOL probalilv aiv«riiip the South. Shctlatlds. 
extending from there soutlnvards. Tliis is supporterl lsy the 
meager e vidente furnuhed l>y the repre^entatives of the other 
i^roiaps of mollusJts so far studied. 

The famini arcas here Hstec! slunv a nerrarkable coinckleiiee 
vhtli the ocean curmits in tlie regivii nuder discu>sion, wliich 
demands oon si < lera tiotL 

First of ali it slioultl b« lmme in minrl that ait the mem- 
liers of this. family are free-swiniwiiig during tiieir eirly stapes, 
wftidl renrler* thetrt subjeci to lieing carrlerl by tlae ocean cur¬ 
rent*. Their future success in lifc after passing the free-swim- 
ming stage deludis upon fmding a suitable habitat for their 

sllbs«C| 1 . 1 i:Ut CxistetlCe—a habitat svlltcll vruuld «librate a .11 tliir 
necessarv coii rltl ion* of t«i nigra phy, temperature, salini ty, aml 
fond sujiplv, It seems quite reasonatile to and the 

insiifilcunt data at hainl indicare, that the coasis washed by the 
great ocean ctTTmms liave in tlie niain a carresponding iiitj- 
fonnity of temperature, saliiuty, and food tfttpply (plinkton >, 
the cliie f factor; in the eiivironmetit of marine animaU. It 
t here fore seniis most rea sonalde to assume lliat it is due tu tlie 
dm irina ti-ou of ihc>c factors hy tlie cumenta that wc find the 
iwiratldisin or onexteu^iveness of nccaii current* an<l the iaunal 
areas. 

In tlie Xortli Pacific ut luvc llie KiLrO-Sivvo or lapaii 
current, uhich itn reacliing onr cnast splits. tlie nortli ilefleuiion 
sweejMng the shores of Alas-ka and tlie Aletitian lslanth* mark- 
ifljT the Alent i c faimal arca, vrtiile tlie rotuli deflectkm swee|>p< 
soutliwanl olf tiie coast of Washington, Orcgon, and Cilifornia 
as. lar an Point Cuneefilion, where tlie j^reater jiart is deHoctetl 
seatvard. proltably stvccping the otitsiiilu of Sali ^ligud. Santa 
Rosei. Shu Xidmliis* aml San Clemente I stantis thus ■outlining 
fhe Orcgunic fanti;Ll area. R?rant studies by [Jc, GeorjJC F. 
McEwen liav-q *hn-n-n that tbere is an. npwelling of cold water 
along pEtrts of Califoruia coast aml also ari iiijhore nonliwanl 
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(trift. I| is m be ho^d tbat extensive coiiectiuii of marine or- 
^amsras uill be made, The se colice tions shcmld tie praVided 
vvith exact data. to show iheir rdation to drift and to cuTrents. 
It seems not at ali unlikely in the light of Dr. McEwen's stuclv 
that tVC may have to toiisider a fmther siibilivteion of Otir fannal 
areas in ibis rej^ion. 

A weak emitiniiartoti of the main current passas southwaril 
almig the eoa st of Catifornia from Point Conception to Cape 
St, Lticas, Lower Califomia, wliere it iis dcilectcd snward, thus 
coverjng' the faunal area destertated as Cati tornic, 

The equator id ttifferit strikes the Cetitrai ArtieriCan misi 
about Acajutla and passes northward into the Gulf of Califamia, 
turning; westwanl at Cape St, Luca 1 ». Tlm maps the Mazat- 
lantfc faunal area, 

The region betiveen Acajutla and Poitii. Agtija, Peru, ap- 
pears to be frec from any large ocuan currents antl reprtsents 
tho Panamic faunal arta. 

The Sontli Pacific or Penivian current strikes the South 
American stoores- aboui Chiloc ldan<l, Chile. a pari being <ic- 
fleeted towanl the Galapugos 1$ lamis. This may be oonsidered 
as rnarkitig the Penivie fami ai arca, thottgh litti e is known of 
its Pyramidellid famia, 

Another ]jart is deflteted scmtlnvard and swecps the coast 
«f South America from Cluloe Ulan<l to the Straits of Magel- 
lan, This maps the Mafivl lanie faunal area, 

The South Shet lanii Islands and the territory to Ilie south 
may tie consideret] as emhracin.fr tlie Atttarctic fautial arca in 
ihe rtsfrictffl s^n.se. Thpse follnwing t^bles bastd upon fhe 
specific cards. sliowing the geographia range i>f each species. 
An "to” is usetl to tlenote its prcseitee iu a faunal area. Wlien 
a species extentis over more than one faunal area, tlie "o" 
will appear in ali the cohtnins coveretl hy its range. Siibspecic* 
have beeti gi/ven the sanie ra'»V a* species «*i plotti»g the*e 
t abies. 
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INFLUENCE of ocean currexts ox tue 

DISTRIBUTIOR OF HIS fi 
By H. T. Moure 

<Froni the stcncgraphic retwrt of the FnwjerdiiiKS.) 

I hiivc been asked tu speak un the significante of the rela- 
tionship of ocean current3 t-o fish- As Dr, Bartsch has pointed 

OUt, the distributiori of organisms- in general js dependent upoft 
the current s and tipcn the salinity and temperature of the water, 
The organisme whkh are the objecta of pursuit in tlie fisheries 
differ in no wise froni these. othets. Every biologbt knows 
these facis, Every fisheniiaii hnows that in onter to make 
his catch lie rmist cast his line or Ilis net in waters which 
are eongenial to th-e speties whieh are his object. 

While these are self-evident facts, jt may not be w ittiu ut 
interest to point out just how the currents operate in tfieir 
eflfects on the fisheries, just what takes place, how tlie fish are 
distributcd, and how they are otherwise afFected. The fish es 
tjf fresh water ha ve eggs which I think invariably are heavier 
than the waters in which tliey are (leposire<1. I can recatl no 
species in which this is not the case. Of course if they liad 
tioating eggs dcposiced in the streams they would be carried 
out to sea and lost, or destroytd by eoming 1 imo contict with 
tlie saline waters of the sea. On the eontrary a very large 
n umber of marine fishes, the vast msjority perhaps, and certainly 
the rare species of the fish which compti se tlie object of pur- 
suit in the great fisheries of tlie world, deposit eggs wlitcli 
are lighter than the water atwl fluat, Cod, haddude, and all 
the fishes of that type, themselves living on the hottom, deposit 
eggs which oome to the surface. Sonic of these fishes are 
themselv-es pelagie and the en tiro life of the organi sm is spent 
at or near the surface. On the otlier hand the distinctly hottom- 
duelli ng fi&lleS and eVen sOttie of tElOse which we ha ve every 
reason to presume (Iwcll on the bottom in very deep water, 
like the mackeret, also produce eggs which are lighter. fleat to 
the surface and stay the re through tlieir period of developnient. 

When an egg is deposited it is usually more or less ovaE 
arui cloes not ordinarily fonn a perfert sphere. After it is 
ferti lizcd it absorbs water, swelK up, and heroines sphericai- 
Appareutly the eggs have a higher saline content thatt that of 
the sea water iu which they are deposited, and the proccss of 
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the swelling of the egg is just an ordina ry process of osmosis 
The buoyancy of the egg depends of course on its own specific 
gravity and on the specific gTavity of the water in which it lies 
and also on the viscosity of that water. As both the viscosity 
and the specific gravity are affected by the temperature, thai 
factor in ocean investigat ion is a highly important one, When 
the eggs come to the surface they of cottrse are subject to the 
ruo vernents of the ocean currents. 

As the fish egg develops it loses water and becomes heavier. 
The same thitig takes place as the fry develops, so that there is 
a tendency for both the egg and the fry to sink in the water 
as it is carried along, and eventually results in the young fish 
seeking the bottom and there taking up its permanent home. 

On the coast of Iceland the spawning grounds of the cod 
are all at the northern end of the tsland. The important fisher- 
ies, howeved, are all on the Southern and Western portions and 
it has been found throtigh recent investigations that thew 
grounds on the south and west are entirely populated by the 
spawn frojn the noTthern part of the island. 

On the coast of Normandy we have exactly the same condi- 
tions and it has been possible there to locate new fishing grounds 
for tlie cod by sowing eggs in the spawning grounds which are 
carried to distant hanks 100 miles away where the larvae were 
produced. 

The most remarkable ex ample that we have of the carnage 
of fish and fish larvae through the agency of the currents is 
that of the commoti eel of Europe and the very closely related 
species on the American coast. These eels pass all their adult 
life in hrackish water; nobody has ever seeti them in fresh. 
For many years the spawning of eels was disputed, but recent 
in vestigat ion s have sliown that both species of eels spawn at 
sea in water tvvo or three thousand fathoms deep. I do not 
knovv at what <lcpth the eggs are cast. but I do know that they 
come to the sttrface. The day befote I Left Washington I had 
a visit from Dr, Smtth of the Danish exploring vessel who 
gave mc some account of the development of eels througfi his 
in vestigat ion s. He has discovered that the center of the spawn¬ 
ing of the European eels is in about latitude 27 degrees nonh 
and lon git ude 67 degrees west, much closer to the American 
coast than to the European coast. Now all of the millions of 
eels which go to the coast of Europe are hatched somewhere in 
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that region, devetoped inio little tratisparent. leaf-like lepto- 
cephali, very fragile looking things, and take this immense 
journev of, I suppose, 3000 miles, to the waters in which they 
mature. Dr. Smith has also found that otir owit American eel 
of the Atlantic coast spawns somewhere in that same region. 
probably a little to the south of the center of the other, hut the 
two regions overlap. 

The young eels produced in that region divide themselves 
acconling to the species, into two groups, one of which goes 
off in an easterly direction toward Europe, and the other ap- 
proaches the American coast, 

Xow the significance of these things in the fisheries, this 
carriagc of eggs and the yoimg fish by the currents, must be 
self-evident. In connecti 011 with fish culture we cannot assume 
that becattse we deposit hatched eggs or larval fish on the 
spawning grounds that we ahe putting them in a region in 
which they will meet with favorable couditions. If we deposit 
eggs of different ages in such waters they are Hable to be 
carried into areas unsvtitable to tbem, Sucli actions must be 
eonditioued on the recognition of these faets. 

The currents also liave an effect on the fisheries in carryirtg 
congenial w-ater conditions to places remote from those in which 
they origmate. On the Atlantic coast we ha ve the Gulf Stream 
carrying its wartn waters northward as far as Cape Cod, then 
reverting to the east. All along the edge of the Gulf Stream 
as far as Cape flattcras, we have lianks on which grow a large 
mirnher of plants and animals which would normally inhabit a 
region farther south. and we have devcloped along there a series 
of fisherv binks to which it is profitable for the fisherman to 
resort* It is prohahle that the existence of these hanks is not 
dtie solely to the presence of warm waters, hut also to the effect 
vvhicli is produced when two currents of different temperat ures 
meet as they do in that region on the edge of the Gulf Stream, 
There is produced under sucli conditions a temperature situation 
which is liable to prove fatal to a certain large mmiber of or¬ 
ganismis in Ihc two streams. The water becomes too warm for 
the organisms living in the cold stream, and too cool for those 
living in the warm stream. Consequently all along the edge of 
the point of contact of the streams of converging temperature 
conditions we have a constant drifting of organisms to the 
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bottom where they provide food for tlie animals in the decp 
seas. 

That very ni ce correi at ion betweeu the tempera tu res aml 
the animals inhabiting the waters and tlie sensitiveness of tlie 
organisms is not confined entirely to these smaller organisms. 
We ha ve onc classic case on the Atlantic Coast of North Ameri¬ 
ca where a large and powerftd fish has been practically ex- 
terminated by some slight variation in the temperature conrli- 
tions. That is the tile fish. It was discovered about 1879 about 
the time the Btireatt of Fisheries hegan its systematic opera¬ 
tioris. A 5hip's master coming into New York reported that he 
had sailed for fifteen miles through a sea that was practically 
covered with dead fish. Afterwards we leamed that instead 
of fifteen miles he had sailed sixty and was afraid to teli the 
story. Other sliips 3 masters reported the sanie things. Invecti- 
gatioti proved that the sea over an area of 125 miles long and 
50 miles wide was covered with tile fish. It was estimated that 
1,000,400,000 fish had been killed there. The comtnercial value 
of those fish was probably in tlie neighborbood of several mil¬ 
ii on. so that the economic importance of that pheuomena can he 
appretiat ed. 

We had no particular data at the time to show just what 
had happened, but a few years later Professor Libby of Prince- 
ton made some snvestigations and found that the Gulf Stream 
was further off shore than it had been a few years hefore the 
tile fish wcre discovered. Further biologica 1 iuvestigation de- 
termined that certain fauna that had l>eeu characteristic of the 
limit between the Gulf Stream and cold water in shore had 
practically disappeared along with the tile fish. The assuinp- 
tion that the changed temperature producet! this cataclysm 
was confirmed later by the fact that the Gulf Stream was found 
to be undergoing a periodica! movemetit, grariually comitig near- 
er to the shore. About 1890 Professor Libby predicted that 
again iti 1892 it woulft touch the bottom of tlie south coast 
of New England and would recreate the conditions which were 
favo rabi e ti> the tile fish, About 1893 we fomiti his prediclion 
had come truo. Iti the followiii" year au iuvestigation showed 
the tile fish had retumed in small numbers. 

This will, I think, illustrate the importance to the fisheries 
of having accurate Information iu regard to the phenomena of 
the sea. The significatu feattire of my remarks is, howevcr. the 
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tact that I have drawn a 11 my ilhistrations froin the Atlantic. 
I Iiave tk>ne *» because very little is known of similar relation- 
ihips in the Pacific. The fisheries there are becoming more im¬ 
portant and it is becoming increasingly «ecessary that we should 
extenti our i n vestigat ion s to that great sea. The fishery investi- 
gations are going to depend primarily and fundamenta My on 
the informat ion vvhich is to be giveti to us by tbe physiographers 
and oceanographers and I think ali of those who are interested in 
the biologica 1 aspect of the subject should, as Dr, Bartsch has 
done, impre.ss on physiographers and oceanographers the neces- 
sity of prompti) - tmdertaking very mu-cb more extensive and 
very mticli more fletailed work than has heretoforc been tlone. 
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THE BIOLOGICAL ASPECTS OF OCEAN CL KRENTS 

By T, C. Frye 

(From the stenographic report of the ProccediiiKS.) 

Corning from the region of Seattle and Puget Sound where 
the fisheries are one of the chief Industries, naturally ones in- 
terest eenters in the question of liow the ocean currents of the 
Pacific and its sliores are rclated to the probi em of the produc¬ 
tiori of more food for man. Of cottrse we imist look upon the 
Pacific and its sliores as a great pasture of green plants which 
is the source of food either directly or indirecti)' (in the great 
majority of cases, indirectly) for whatever amtnals may bc 
fottnd there. In this great ocean j>asture the tnost important 
source of food is the algae. The condit ions for growth of 
these plants may be Hkened to the condit ions for growth in an 
ordinary land pasture, where certa in requirements are necessarv. 

One of the factors which control the growth of this laycr 
of green plants near the surface of the ocean is temperature, 
which is a variable thiiig fro-m the equator northward. Sinat! 
plants and animals are quite sympathetic to changes of temper¬ 
ature. I did not know, however, large ones were so sympa¬ 
thetic as indicatcd by Dr. Moore’s referetice to the tile fish. 
Temperature is not only variable from the equator northward 
but has a diufnal variat ion to sonie extent along tbe shores. At 
Puget Sound Biological Station the daily variation is only about 
a half degree, but is sufficient to make a difference in tbe flora 
of the ttppcr strata. Furthermore there is a difference in tem¬ 
perature from the surface down, which agaiu accounts for a 
difference in the distributiori of these green plants. 

Salinity is anotber factor in the growth of sea pasture?. 
.Along the shores it becomes a great factor because st ream s flow- 
ing into the ocean sometimes make the ocean water near the 
shore practicallv fresh. I ha ve seen kelp beds so thick that I 
could go through tliem only Eiand over haud on kelp and ha ve 
fottnd the water fiear a river fresh enough to drink. It is 
astonnding how these large kelp heds can devclop in such fresh 
water. 

Another faclor in the growth of sea pastures is the acidity 
of ocean water. It requires a very slight difference in acidity to 
vary the organisms in the water. This holds not only for small 
but also for large organisms. Dr. E. B< Power s, who has been 
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working at the Puget Sound Biological Station on the distribu¬ 
tiori o! fishes and the direction of their movements. finds the 
difference in acidity to which fishes rcspond so slight as to be 
difficult to detect. Dr. Powers helieves if we develop the meth- 
ods of determining acidity sufficiently. it will lie possible, by 
testing the acidity of the water ahead of salmon when they are 
migrating, to judge with a considerable degree of accuracy 
where the fish are going. I am not altogether eonvinced of 
this myself but he has eonvinced the Rritish Deep Sea Fisheries 
sufficiently to cause them to take up that sanie work in the 
North Sea this year. 

Light is also a great factor. It statuis to reason that the 
carbo-hyd rates cannot be produced except in suitable light condi- 
tions. Now light does not penetrate to the depth that one might 
suppose. Some experiments in light penetratioti have been car- 
ried on this summer at Puget Sound Biological Station, I 
left after the first day’s work with the apparatus and ean give 
only the results of that day*s work. It was found that, in the 
hay at Friday Harbor. approximately one-fourth of the light 
was cut out at the surface of the water, and at a depth of 25 
feet the amoimt of light was reduced to one-twentieth. The 
ability of light to penetrate the water of Puget Sound is con- 
siderabJy less, at least than [ had expected it would be. Now 
the penetratioti of light varies greatly with different regions 
and depends at least to some extent upon the organisms and 
particles iti the water. In the bay at Friday Harbor we have 
a body of water whose surface layers alone are capable of 
growing food. 

Currents frequently cliange food conditions in the ocean, 
Where currents go down the organisms carried with them may 
meet changed conditions and die. The dead organisms are 
either eaten by bacteria or settle to the bottom and perhaps 
become food for fish, I would expect the regions where the 
remains of ammafs such as shells are abundant, would be 
where currents are going down, bccatise tliere the greatest 
death rates must occur. I would also expect regions in tropi- 
cal waters to be mostly free from piant planktou. The currents 
are the greatest factors in detertnining distributiori conditions. 

But it is not only on the surface but along the shores of 
the occan that we firid abtmdaiicc of food, Large qmntities 
of seaweeds are produced along the shores of Xorth America 
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and, 1 am told, also along the shores of japan and Sibena. 
Tbis is also true of the South American coast from Cape Hora 
tt> Peru* I flo not know about Australia but suspect there 
inight be large quantities of seaweeds along the shores of that 
continent. The display of seaweeds in the waters about the 
Hawaiian islands is difficult lo compare with the quantity along 
the west coast of America where millions of tons are producet! 
aniuially* We do not know what becomes of these seaweed?. 
A few of the greens are eaten directly by animals. Some of the 
browns are eaten by animals as are also a few of the reds, tiut of 
the great niass we do not know the end. They decay and disap- 
pear, but we flo not know what becomes of the decomposed >ca- 
weeds* I do not believe that ali these millions of tons simply 
rlisappear witlioiit supplying, to some extent, food for animal?. 
We do not know what seaweeds are attacked hy bacteria. There 
again, howevcr, we are more or less at a Joss becatise bacteria 
of the ocean seem to be so little understood. I think we need 
verv much the' development of ocean bacteriology to inform us 
what organisms decompose these piant s, and what kind of 
productS are formed. Perhaps some of theni go out in siis- 
pension as colloids. Hut what becomes of them and of the 
bacteria is a problem which needs a solutiori. Ordinari ly we 
imist take it for granted that they do not return, 

[ believe, therefore, that we should fonu a better conticc- 
tiirn between the food animals and the plankton on the surfate 
of the ocean, and a better connectio n between the food animals 
and the plants that grow along the shores* In fact. I believe 
one of the niost promisrng problems in fisheries would be lo 
stndy not only the food of fidv but the food of the thing> 
which the fish eat. If we knew the food of the different or¬ 
ganisms In the sea„ we would be far along in the solution of 
the fisheries problem. It is probably a zoological problem 
1 am a hotanisr, On the other hand botatiy and zoology are not 
verv far apart. It is certainly as much a problem of the 
hotanist to know what cats plants, as to know where they 
come from. 
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DIS PERSA L OF PLAXTS 11V OCEAX CURRENTS 

By WlLLIAM E. S.VFFORIt 

On the windward beachcs of islands lying in the paths of 
oceanic currents there is usually a line of drift jnst above high 
water mark in wliich may l>e fonnd seeds and fruits of various 
kinds, Sometimes the material is riddled with teredo borings 
or covered with barnacles, but often it appears fresh and little 
worn by erosion, Many of the seeds are probably dead; some 
of them are ali ve and ready to spront, but not ali those which 
actually germinate succeed in gaining a foothold on the strand. 
Plants which normally grow in timddy estuaries or mangrove 
swamps cannot establish themselves on a clean sandy beach. 
Many fruits of Rhizophora, wliich germinate eveu before tliey 
fall from the tree, are borne away by currents and cast up only 
to die. Xuts of the nipa palm, though in perfect condit ion, can 
establish themselves only witliin estuaries or the brackish rnouths 
of streams, Cocoiuits, on the other hand, germinate on sandy 
beaches and establish themselves also in crevices of coral reefs. 
There can be no doubt that tbey maintain themselves in a state 
of potential germinat ion. a fler having long drifted over the 
surface of the ocean, as Beccari has pointed aut. 

Xot only the coconut but many other strand plants ha ve 
fruits and seeds peculiarly adapted for floating. Sonic of the 
so-called sea-beans inclose a large air-space eitlier betweeu their 
cotyledons, like ihe snuffhox bean {En t ad a scandens }. or be- 
tween the cotyledons and the shell, like the hard gray stony 
nickernut (Gmfaitdinti crista), The seeds of certain Cotivol- 
vulacrae belonging to the genus Operculi na, often cast up by 
the sea. are heavier than water, but tbey arc indosed in an 
inftated membrano us bladder which keeps tliem afloat for many 
weeks, 

On the islaud of Guam, in addition to the more comnion 
strand plants. I have picked up on the beach the coitlpound 
fieshy fruits of Morinda citri folia called noni by the Hawaiians 
and nona in the Malay Archipelago. Each seed of tliis piant 
contains a distinet air cdl. Another fruit frequently found on 
the strand is tliat of Barringtouia speciosa, which owes its 
buoyancy to its spongy husk, and the saiue is true of an 
Apocynaceous fruit belonging to the genus Ochrosia. On the 
island of Guam I also gathered otlier seeds and fruits of strand 
plants: Rhizophora, Bruguiera, Lumnitzera. Hcriticra littoralis, 
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fftbiscus lilioccits, Tficspesia populnea, Terminalia catoma, arui 
CalophyUum inaphyllu »«. 

It is interesting to note that **sea-beaus” played an im¬ 
portant role in the discovery of the existeiiee of the Guli 
Streani. Certain seeds were figured as early as 1693 in an 
account of ubjects cast tip on the sliore?* of the Orkuey Islarub. 
They were recogmzed by the oUi fiotanist Hans Sloatie ai the 
seeds of plants which he had seeen growing in the West lndies 
and which were inchtded in his catalogue of the plants oi 
Jam ai ea Their occurreuce on the shores where they were 
pickcd up, so remote from the place of their origin. suggeMed 
to Sloane the exUtence of the current which was afterwards 
designated the Gulf Striam. Sloatie published a paper on the 
subject ici 1696. in which he for the first time offered to the 
world the true explanatiori of the means by which tliese seeds 
had bceu trausported. 

I11 the Pacific Ocean the warm Kuro Siwo, or japan Cur- 
reutt corresponding to the Guif Streani of the Atlantic, flows 
northward along the coast of Asia then eastward until it striks 
the opposite continent and then curving sotithward, and re¬ 
to rning upon its coitrse, often deposits great pine logs on the 
sliores of the Hauaiian Islauds which it has earrietl from the 
northwcst coast of America. Strange to say, very few plants 
from tlie northwest coast of America have establishcd them- 
setveft on the Hawaiiait Islands. Pr. Hillebrand has discusscd 
tliis matter iti the introductioii to his Flora of the Haw-aiian 
Islands. The existence of tnany stran<l plants of souiliem 
Polynesia in the Hora of Hawaii has becn attributed not 10 
ocean currents bnt to humati agency. Dr. H. C. Guppv, wtiu 
spent many ycars in studying the subject of the dispersal oi 
plants, has devoler! severa! cbapters to Pacific Island floras, 
including the Ilavvaiian strand flora. He has also discussed at 
letigth the littoral piants and currents of the Pacific, the ger- 
mination of floating seeds, the buoyancy of seeds and seed 
vessels, and the re tat ion between littoral and inland planis. 
With his great work 011 dispersa!, published as the seeond 
vohimc of " f Observat ion s of a Naturali st in the Pacific,” as a 
guide, it is hoped that much may be accomplished by future 
studeiits of ocean currents. 
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PRELIMINARY STATISTICAL STUDIES OF MARINE 
PHYTOPLANKTON OF THE SAN DIEGO 
REGION, CALIFORNIA 

Bv W, E. Allen 

INTRODUCTIO N 

Reeogmzing the basic nccd of a bctter undcrstanding of the 
occnrrence and distribution of the synthetic organisnis of the sea, 
the phytoplankton, the Scripps Institui ion for Biological Re¬ 
search has in the past four years devoted a considerable portion 
of its resources to increased invesligation of these organisms. 

The methods of work have beeti somcwhat modified in the 
last two years along lines of Standard i zation and consistency, but 
no report on this period is yet availahle. This paper and the one 
by Eliis L. Michael which follows discuss the work on phyto- 
ptankton of the Southern Califomia region in 1917 and 1918 and 
are intended to not ouly give some idea of the prelirnitiary work 
alreadv done ip Pacific waters, but also to offer suggestions for 
guidanee in future operations, either localized or general. These 
two papers although cojnplcte in themselves are based on the 
same records of nunierical distribution and it is therefore desir- 
able to publish tliem together, The more elemcntary paper which 
includes the records essential to both discus sion 5 is placcd first 
because that scems to be the natural ortler. 

Much of the work on phytoplankton done in Atlantic waters 
and in fresh water lakes and rivers shows two desiderata to be 
especially prominent. First, it is necessary to identify the species 
present; second, it is essential to maintain, as uearly as possible, 
continuous observation. It seems appropriate to discuss briefly 
these desiderata and certain other general features of marine 
work in phytoplankton before entering upon the explanation of 
the work done in 1917 and 1918. 

DESIDERATA 

The taxonotny of dinoflagellates of the San Diego region 
has bcen well covered by Professor C. A, Kofoid of the Univer- 
sity of California. But this region is an infinjtesimal portion of 
the area of the North Pacific and a great deal of strietly taxo- 
nomic w r ork remains to be done. Not even an effective begin- 
ring has been made on the taxonomy of diatonis of the North 
Pacific. Fortunatelv for our work vvith both tvpes of orgart- 

l 537 ] 


Digitized by Goo 


Qriginal fre m 

HARVARD UNtVERSITY 



538 


Pan-Pacific Scikntific Conference 


isms, it appears tliat the more abundant, more prominent, and 
presumably more important fornis are cosmopolitan and fairly 
easy to recognize. Preliminary statisticaf work gives little indi- 
cation that refined taxonamy is of immediate importante, btit it 
ouglit to l>e done in preparation for any future time when sjie- 
cific determinations of great accuracy may be needed for inter- 
pretation of some series of records. 

One of the most, if not the rnost. urgent need in conncctinn 
with statistical work with the microplankton is for the est abii dt- 
ment of definite stations from which collectiom may be taken 
with great; frequency and continuity, daily if possible, There 
ought to be at least one permanent statio» at which a permanem 
series may be run to serve as a Standard for the work in any 
given area. With such a Standard much effective work can lie 
done by running daily or honrly catches through any one desired 
or immediately possible period of the year. Of course, it is 
highly desirable to have snch series carried for various deptli' 
as well as for the surface but it is quite evident tliat tbe field of 
surface catches has scarcely heen touehed in most iocalities and 
that it stili offers ample opportunities for work for many years 
to come. For practical purposes atiything in the uppermost five 
meters of water may be regarded as belonging to the surface 
series. One distinet advamage of a Standard series of surface 
catches is that it may serve as the basis of comparison not only 
of series from other surface areas hut from various depths a*: 
ivell. A stili greater advantage is in the greater simplicity of 
procedtire and equipmem required for surface work. This is of 
liigh importance because it vastiy increases the probability that 
the series can bc carried coutimiousty, To those who realize the 
time, ivork. expense and risk in handling such series it is evident 
tliat a break in continuity after one is onee established may he a 
verv seriolis niatter. helice anything that will tend to insure it' 
satisfactory maintenance is cxtremciy desirable. 

[f a good quanti tat i ve series is once opened h woukl lie 
verv desirable to have any particular pliase of the work haiiflled 
as nearly as possible by tbe sanie individua), Sligbt changes iti 
indi viduat metliods sometimes produce great diffcrences in the 
final quantitative resiilts. 

pofjsihu; commehcial Application 

Aside from the academic interest it has in extending our 
knowledge of the laws of life and in broadening our conception 
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of the phenomena of organic existence, I think the stiuly of 
marine plankton may finally be made to have a decided practical 
valite. The sectione followitig illustrate possibilities. 

Naturally, the food relation is the first to attract attentio n.. 
If a series of rccords can be secured which vvill etiable as to say 
that with a certain niimber of ciear clays in Febmary and March 
the seasonal catch of marketable fish may be large becanse the 
photosynthetic organisms are alde to build np cnough food 
materia! to supply abundantly the next link in the chain which 
in turn may supply the next, and so on, up to the fish. it would 
lie worth while even though the Information is somewhat indefinite 
and faulty, Or, if we are able to say that a smaller number of 
ciear days means a poor supply for the markets, or tbat exi stent 
pasturage cati support only a limited populat ion, or that certain 
fishes might be introduced to use it to better advantage, those 
concernet! may be on their guarcl and not be taken entirely 
unawares. Sortie stich predictions have been made in connectum 
with fisheries jn the North Sea. Judging from present knowl- 
edge it is reasonable to bope tliat if we do our work properly 
some succeeding geiieration may be able to make reports to 
fishermen quite comparablc in value to those now made by the 
weatber bureau to farmers. It may be found tbat sonie organ- 
isms which do not seem to have much valite in the food chain. 
do have a direct vahie as indices to productivity. 

There is another relation which may be as important as the 
food chain. That is the poison (or at least we may say the 
exdusion) chain. I mention this because of the considerable evi- 
dence to show tbat certain dinoflagellates may be fatally injit- 
rious to fishes and other organisius. If records were avail&bte to 
show the conditions under which stich organi sms becoitie so 
tuimerous as to be of cconomic importance, advance repurt of 
the coming of such conditions might forewarn fishemieit and so, 
to a considerable extent, foreann. 

SOURCES OF ERROR IN STIDY 

Soitrces of error have to be considered in connectum with 
any piece of work w r hich preteiuls to am degrec of accuracy. 1 
have taken a good deal of interest iti these sources of error and 
since no considerable number of them is ever mentioned collect- 
ively, I have attempted to make a bare list of those most import- 
ant in such plankton methods as are in general use. Sonte are 
important alwavs; some are usually negligible; some counteract 
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or cancel other* at times. Tliese conditions are themselve* var- 
table and so suhject to error of usage and interpretation. For 
convenience we may call the conditions in wliich sources of error 
reside, variant*. They may be emunerated as foliows: 

Variant* iti sampling. 

Selecting the stationi in the area. 

Locati ng the station in the area. 

fDistanee 

Drift while hauIing^Speed 

[Direction 

T>cscending catch in net, 

Pitcliing of ix>at (especially it vertical haul). 

Cross current*. 


Ascending catch in verticat haul*. 
Pitcliing of hoat. 

Cioggitig of net. 

Leakage of net. 

Pressure. 

Mesh. 

Speed of haul. 

Cro*s current*. 

Taking from net. 

Spillagc. 

Recording. 

Preservat i011. 

Di sto rt ion. 

Fragmenta! ion. 

Kxaminatton. 


Dilutum or concentration. 
Transferente, spillagc and adhesiou. 
Measuring, 

M ixing. 

Sampling for couti L 


Counting, 

Fractional sampling of the slide. 
f Small size, 

I )istortion. 

Covered hv deliris, etc. 

MiseountH i. neveii distributioti in counting cell. 
Personal error, fatigue. etc. 

I I posrion for Identification, 
[Mistiaming. 
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Recording. 

Computing. 

Recording. 

Interpreting. 

Differences in persons. 

This looks like a fonnidable list, and it is. That is one 
reason why it seems necessary to simplify and to staudardize ali 
methods of collecting and handling as much as possible. One 
tin fortunate effect of the conteinplation of such a long list of 
variants is the feeling that any one error will be so much over 
shadowed by other errors as to be negligiblc, but it is evident 
that a minor variant may become very important if cardessly 
'regarded, and that reasonable uniformity of degree of error is 
more important in a series than is extent of error. A large 
error clearly recognized may be less injurious than a small one 
left without consideraticm. 

LENCTII of PROCRAM 

Sly expericnce with tbese preliminary studies leads me to 
bclieve that the most valuable plankton work will be that which 
is done laborbusly over long periods of years. By such work 
errors or abncrtnalities of one year or season may be checked by 
many otbers so as to give a fair general view of conditions to 
l>e expected in a given area. It seems to me that the laws of 
distribution of life in the sea mu st bc fundam en tally the same as 
those governing life on land and in air. There are areas in the 
sea with little or no life, and ali gradations between this condi- 
tion and that of great abundance of life. Evidently, many organ- 
isms shift,, voiuntarily or involuntarily, from one area to another. 
Certainly there are vacillations in productivity corresponding 
with vacillations in tlie vast mimbers of factors of environment. 

These factors of the environment are so numerous that their 
possible pennntations and conibinations seem past finding out. 
The list of Chemical factors alone, must l>e for the sea almost as 
large as the list of soluble Chemical elements and compounds. 
The list of physical factors, wliile possibly shorter, is stili very 
bng and of primary importance, for example, temperature has 
a profonnd inflnence oti the effert of many otlier factors. Fnr- 
thermore, the number of biologica! factors is legion. Surely, 
with all this complexity, wc cannot hope for dear insight until 
there are enough records to show certain combinat ion * with suffi¬ 
cient frequency to fix our attcntion. 
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MATERIALS ANO METHODS 

I consider microplankton particulari)' use fui for thc stiuly 
of tliese combinat Sons because of the vast numbers of its organ¬ 
isme, their iimited motility and their high adaptability throtigli 
reproduction, Their short life cydes are also a point in favor 
pinee tlie effccts of given condi tions can be more quickly s«n. 
Large mimbers of indiviclnals and large numbers of kinris in a 
given plankton popvdation are both important in helping to 
reduce some of the errors in handling and study. Different 
species, for example, check each otEier to some extent and so 
aitl in giving proof or in calling attentior» to error, 

These st odies were matle in the sum mers of ic>T ^ aml iqi£. 
ori miscella neo us and somewhat heterogeneous groups of caiche" 
made front time to time and kept in storage. Most of the 
catches ivere made in the years 1917 and 1918 and some nere 
studied within ten days after beinjj taken. 

As described in the detailed diseussion the methods of mak- 
ing the catches varier!. Methods of counting differed somewhat 
but most of the counts were made by the Sedgw ick-Rafter 
method. The cateh in its preservative forinalin was brought to 
a Standard cpiantity. one cubic centimeter of which was taken 
after thorough mixing and placed in a Scdgwick-Rafter dide. 
The cmtnt was then made under the low power of the cnrn- 
pouiul microsco|ie usi 11 g a Whipple eyepiece micrometer with 
draw tube so adjusted as to cattse the scale to cover one square 
millimeter in the field of the sixteeu millimeter objecti ve. Ii 
thc eateh was large a count was made of fiftv fields feoveriug 
bfty eu hic niillimeters of fluidi, distributed in groups of five 
alxnit the niargius and m id die of the slide. Fsnally a halt* slide 
was examinet! for less abundant forms which were duly countfd. 
Tf the catch was light lialf slide counts only ivere made, The 
counts were aftcrwards used to compute the total numbers in 
thc calcii and the resuit s were tabulatcd according to taxonnmk 
groups. 

Diatonis and dinoflagellatcs only were counted as the other 
micro-organisnis in tlie plauktnn were too few to be of much 
value for stat i st icat studies. T11 fact it appears that diatoms are 
much superior to dinoflagdlates for this purpose, Most of tlw 
mimerically inijxntant forms in both groups are visually easy to 
identify. Sonic of ihe less abundant fornis are easily conftised 
under conditions of counting and others camiut be identilied 
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witli certainty. In some cases it has been impossible, on account 
of small size, to distinguish some of those which bave «umeri- 
cal importante. Some diatonis bave not been specificaby iden- 
tified because too fragmentary or because spore stages were not 
founrL There is no evidence that this deficicucy lias been suffi- 
ciently important to appreciably diminish tbe value of this 
stati st ical work. 

MINOR STUUIKS 

STUMACH CONTI-NTS OK SAWIXES ANI> ASCHiJVIES 

A very limited qualitative study was made of stomacb eon- 
tents of sardines (Sardinella cocrulctis Starks and Morris) and 
ancbovies (Engratilis mordax Girard) which serve as food for 
tbe albacore (Thunnus alalunga Gmelin). Five ancbovies taken 
from tbe stomachs of three albacore were examined on 
Augnst 13 , T 917 , The stomacb contenta of tbree of tliese were 
wholly unrecognizable. Of tbe other two, the little which was 
reoognizable consisted of the sbells of tliatoms and dinofiagel- 
lates of various kinds, rnost of which could not be specifieally 
identified. Tbree sardines taken at the Institntion pier were 
examined. In two specimcns reinains of the dinoflagellates 
Dino phy sis homunculus Stein and Prorocentrum micans Ehrbg. 
were fotmd bnt ahout ninety-nine per cent of tbe stomacb con¬ 
tenta consisted of copepods. In tbe other sardine the following 
diatonis and dinoflagellates were found in quantity: Coscinodis- 
cus sp., Chactoccras crtophilum Castr, and a mnnber of smaller 
diatonis; Pernimium divergens Ehrbg,, P, grandii Ostf., P. 
oc conicum Vatth,. and many fragments of shells of Ceratium. 
This study was not carried furtlier because it was only con- 
firmatory of the well establisbed idea of the important part 
which diatoms and dinoflagellates play in furnishing food for 
fishes or their prey. 

SOME CASES or “rEIn WATER*’ 

Some i sol at ed qttalitative sttulies of lf red waLer" and similar 
phenomena were made. These bave value in a statistieal series 
because they prove the occurreiice of various species of micro- 
platikton in cnoruious swarms and conseijuently refute the old 
not ion of tinifonii clistribution of small organisms in sea water. 
Onl} f two of these will be spccificallv mentioned here. On 
Tone 4. 1917. “red water” was eiicountered at a point about 
twelve miles west of San Pcdro, wliere three hanls taken at 
depths of thirty meters, sub-surface and of surfacc “scunT" 
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showed the surface “scuin" to be composecl of Proraccntrum 
micans Ehrbg., the sub-surface haul io be composed itiainly of 
this dinoflagellate, and the thirty meter hattl to be componi 
mainly of diatonis and other dinoflagellates. This case of “reti 
water” in dicat es the probabili ty that plankton swamis are not 
only definitely limited in surface area occupied but also at to 
depth. 

Another case of “red vvater’* occurred oit September li 
1917, close inshore near Santa Barbara where it was causing a 
good dcal of injnrv to fish and shore fauna and exciti ng niuch 
inquiry. Captain \V, C, Crandall of the Scripps Institutu»* 
made a speciat trip to get samples of tliis swarm, Ile made a 
tot ai of twelve surface hau Is. nearly ali of whicb consjsted mainb 
nf Gonvaiih.r polycdra Stein, some almo st entirely so. 

Tltese two typica! cases show not only that plankton swarms 
ocCur both inshore and off shore, but that they atc to a very 
large extent exci usi ve against other organi stlis in their particm 
lar area niany of whicb in fact* are killed, 

SOME CASES Ol - 1 LUM INESCENCE 

In this connection mentiou may be tnade of some qualitative 
catulies made by Mr, James Ro&s along the coast of Lower 
CaUfornia in the Spring of 1919. Early in March a rather rich 
diatom plankton was fotmd slightly to the north of Magdalcna 
llay. The Bay itself yiekled little in the two catches made, 
Xear Cape Magdalena there was an area of marked lumines- 
ccncc, but little microplankton. The presence of a few Cteno- 
phores in the catch suggests their agency in this phenomenon. 
In Santa Maria Ray and at Santa Margarita Island catches 
showed large quanti ties of Laude na barcalis Gran. Brilliant 
luminescetice was reported there which vras also probably due to 
Oenophores. In the Gulf of Califomia near Espiritu Santo 
Island where reniarkable luminescence was reported, it agam 
seems probablc that Cteiiophores werc responsible. Near San 
Martin Island an area of “browui water' T was reported which 
was abnut fifty miles En extent. Catches from it eonsisted mainly 
of Chacioccras debile C 1 . and Nitsschia seri a (a Ct. Transtitions 
from Ium inescent to 11011-Uimiiiescent areas were very sharp. 
Transit ion from "brown water' f to non-browu was more gradual 

fOME CLOSINCt NKT CATCHES AT VAHlOOS DE.P1' Ii s 

O11 [une 14, 1917, Mr. James Ross and Mr. P. S. Barnhan 
made a short series nf ckwing net hau Is at the kelp lietis one 
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and uiie-half miles west of La Jolia Roint. These were taken 
from 5, 10, 15, 20. 25, and 30 meter depths and one was taken 
from the 44 meter levcl to the 30 meter levet. They were 
taken successively as rapidly as possible beginning at 10 a. ni. 
This single series showed quite clearly a scant niicroplankton 
population in the upper fifteen meters and heavy catches from 
the 20 meter level to the 44 meter Jevel. Of course, 110 real 
conclusions cati be reached from a single short series of this 
sorl, but there are some interesting questious suggested by it. 
1’erhaps the most important of these is as to wliether large 
c[iiantities of microplankton frequentiy occur near the 50 meter 
level or whether abundance below thirty meters may have beeii 
diie in this case to mixing by currents induced by proximity to 
the sliore line. There is also the important question as to what 
iactors determine the level at which most microplankton may be 
fnund. 

S£,\SON'Al, SEHfES 

We may now cousider the "seasoual series" so catled because 
it consists of a series of catches made at nearly weekly intervals 
at two eertain stations, tvvo and five miles off sliore respectively 
from the Scripps Institution. This series ran from December 12, 
1917, to July 11* 1918. oovering approximat e ly the most pro¬ 
ductive planktou season (judged from our other records). It 
'vas not possible to make many of these catches at Stat ion 2 
(five miles off sliore 1 partly because of rough weather and partly 
Ixcause of lack of time necessary to do the work with the small 
hoat availabie. For similar reasous some important brcaks 
occurred in the series from Station T (two miles off sliore). In 
spitc of these deficiencies the series has a decided intereat for 
cfMiiparison with other series and it also gives some vahiahle in- 
dicatbus as to seasonal distribution and ecological snccessions. 
The most important points are the showing of a prominent dia¬ 
toni pulse in January characterized especially by Clmctoccras cur- 
cnrfjim Cl. and C7t. convolutum Castr.* an enornious diatom 
maximum late in May characterized by Chactoccras chof*Itiltuu 
Castr. and Ch. convolutum Castr., a dinoflagellate pulse in De¬ 
cember due to Ccratinm fusus Khr. and a diiioflagellato maxi¬ 
mum iu mid May dne ro PcrUlinium crassif^cs Knf.. P. rfitvr- 

Ehr. and Ccrolinttt furca Hhr. 

Next. we may cousider the varimis series <if catches made 
011 special collecting cruises of severa 1 days duratimi at different 
periods in 191 y and 1918. These will be discussed in chrono- 
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logica) order. Methods of making the catches differed some- 
what with different cruises but ali counts were made hy the 
Sedgwick-Rafter method, Inasmuch as little comparison was 
made of catches of one series with thosc of another, the differ- 
cnccs in collectitig methods are not important for the purpose of 
the prescnt paper. 

PRINCIPAL STLDIES. LATERAL SERIES 
FIRST SERIES. JLxr A (iQI?) 

The first series (july A) was made on a run from a point 
about fifty miles west of San Nieolas Island in to San Pedro on 
July 14 to 16 inclusi ve. In this series hauls were made with the 
fine itieshcd net (No. 25) from a depth of 200 metcrs to the 
surface at eighteen stations selected at more or less regular inter- 
vals on the run in. Of the eighteen stations hauled, only six 
showed large amounts of microplankton. Of the six two were 
farthest seaward, two near insitore and the other two at about 
equal distaiices between. At ali of the other stations the catches 
were light or even scanty. Stat ion 11 near San Nieolas Island 
gave a ratlier large amount and the cateh near Point Fennin 
was especially large. 

Five different diatoms were dotninant numerically at one or 
more stations. Chaetoceras affine (?) Lauder was most abund¬ 
ant at the two stations farthest seaward and at Station 17 just 
north of Catalina Island. C 7 t. eriophilum Castr. was dominant 
at ali stations from 2 to 13 inclusi ve, except Station 11. It was 
much in excess of other diatoms at Stations 7 and 8. Nitzschia 
seriata Cl. was dominant at Station 14 and N. longissima Breb. 
at Stations 16 and i8 t excessively so at the latter. It now 
becomes necessary to refer to a series of surface catdies made 
from a similar run sti June which was not studied in detail. The 
point of interest is that the June series showed a very marketi 
dominance of Chaetoceras eriophilum Castr. or of .V it esc hio 
seriata Cl. at almost ali stations in June, while in the present 
series they are barely able to keep a lead. Smaller Chaetoceras 
forms Have replaeed Ch. eriophilum to a large extent in niosi 
cases, It is also true that Nitzschia longissima Breh. is smaller 
than A', seriata Cl. 

The evidence from the July A series points snperficially to 
the view that microplankton is more abundant itishore and near 
islands. Volumetric studies and statistical analysis of this mate¬ 
ria I made hv E. L, Michact show, however, that these differences 
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were clue to changes from old to new nets 011 accolint of loss or 
tearing. Since we have no accurate indication of the clifferences 
in nets no condusion is possible from this evidence though the re 
is sanie indication of maximum mjcroplankton production sea- 
vvard. 

SECONb SEKJES. JULV It (iQljl 

Another run was made in July which yielded the July B 
(Table JI) series* This run (July 29 and 30) was from a point 
about fifteen miles west of Tauneris Bank to a point about five 
miles east of San Clemente Tsland. The twelve catches of this 
series were made by vertjcal hauls from a depth of 200 mcters. 
This series consisted of light. or even scanty, catches through- 
out, and the diatonis were largely fragmented or otbenvtse in 
poor conditio». They were mostly very sma M. many were atypi' 
cat, and species distinction was mucli more difhcult tlian for- 
merly in the flominant fornis. 

Dinoflagel lates in this series, as was also the case in the 
July A series, seemed in fair condition thougli few in mimbers. 

Since this series did uot extend inshore on account of 
hreaking of apparatus, there is no means of comparison of rela¬ 
tive abundance inshore and offshore at the time it was taken, 
Tt may he noted, however, that this series agrees with July A in 
showing Nitzschia longissima to be distinctly charae teristic of 
seaward plankton at this season, 

The main points suggested by this series are that there is 
not uniformity of distributum of plankton fornis over an area 
and that there is a stili later stage of diatoni decline than was 
shown by the July A series. It is uotable also that Ddctyliosoien 
tenuis Cl. w r as dominant at Station 9 in tbe midst of an area 
mainly characterized by Chaetoccras contortum Scbiitt, a fact 
which shows the possibility of a loeal break in a widespread 
dominance, 

TH1PD SERIES. AUGUST Ogi7) 

One run was made in August and the tweuty-eight catches 
then tnade constitute the August series. These catches were ali 
made by vertical batils from depths of 200 meters. This was a 
lotig run on 2igzag lines from San Diego to Santa Cruz Tsland. 
and it extellded from August IT to August 20 inclusive. On 
account of its zigzag character, this series carniot wetl be consid- 
ered as a wliole, lience it mav l>est be broken up into six sub¬ 
sertas conveiiiently lettered A. B. C, B. E, and F. It may as 
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ivell bc stated here* hoivever, that this series, as a whole. seems 
to show ahout 50 */ f larger numbers of dinoflagellatcs ihan here 
shown in either July series. It appears that thcre were less than 
half as many diatonis as in the July D series and only about ane- 
fifth as many as in the July A series. So far as the 1917 sum- 
rner records are concerned, then. the general n umeri cal increase 
<>f dinoflagel lates in midsummer is not tnarked in this region a? 
ii is reportet! lo be in others. The diatona dccrcase is thus 
prominent, however. Inasmuch as uve know of vast localized 
increases of dinofl age Uates at this time it may bc thought that. 
an the ane haud, dinoflagellutes are fesr. stable and more local- 
ized in distribution than the diatonis, or, on the other hand. that 
they have an apparent protntnencc due to the absence of iarge 
numbers of diatoms. 

This latter view is somewhat supported by the faet that 
Ted water" due to vast numbers of ilinoflagellates was reporter! 
at various places at about this time. It is also triie. however. 
that more dinoflagellatcs might escapc through the meshes of the 
net when diatoms are few (because of less clogging) and thus 
the rea! increase in numbers would not be shown in the catehes. 
In addition. it is necessary to reniember that we do not hnow 
as vet the historv of the cvcles run by these organi sms in this 
region. 

Stib-series A. consi st ing of six catehes, covers the line 
hctween Pnint Lotna and San Clemente Island, which was omit¬ 
tet] in the July B series. It gives some indication of an increase 
of plaiKton content inshore. but as the nearest station to the 
shorc was fifteeii miles out, the ground of inference is not very 
certaiii, The largest numbers of botlr diatoms and dinoflagel- 
lates were catight midway betwcen San Clemente Island and 
iie maiiiland. 

As the numbers in Ihis sub-series. Chaetoeeras affine 

L:iud. was dominam at the two statioris ncarer San Clemente 
Island. wliile a small. unidentificd species of Navicula was ruost 
mtmerous toward the mainUnd. Since this small Navicula 
sterne d to be in fairly good conditio» it mav have beeti a Forc- 
rumiLT of the cycles leading to the autiimnal increase in the 
rliatum population. 

Altriut the only inference to be derived from thts sub-series 
■ s that different stations present differences in kinds and relative 

immbers of organi suis. 
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Sub-series B, consisting of four catches betwcen San Cie- 
mente Island and Oceanside, shows uothing of very great prom- 
inence, except that the smallest numbers of both diatoms and 
dinoflagellates were found at Station 9 midway between San 
Clemcme Island and Oceanside. Inasmuch as this is almost 
directly opposite to tlie condition in sub-series A, it miglit at first 
be thought tliat tbe showiug was due to leakage of the net or 
some other accident in hauling of the net at Station 9. Sta¬ 
tion 8, however, is also low in numbers, and it may be that tliere 
actually was sudi remarkable scare ity of all diatonis and dino- 
flagellates at Station 9 as the records show. 

Chaetoceras affine was doniinant at all four of the stations in 
this sub-series, except in the small catdt at Station 9. wlicre 
Pcridmium crassipc$ was most numerotts. 

Sub-series C includes five stations on the line froni Ocean- 
side to Santa Cataliua Island. It, also, is mainly impressi ve 
through the fact that a very low minimum for both diatoms and 
di no flagellate* occurs at Station 14, midway between the island 
and the mainland. In this case, however. tlie maximum for 
diatoms occurs ahout six miles nearer Santa Cataliua at Sta¬ 
tion 16, while the maximum for dinoflagellates occurs at Sta¬ 
tion 16, abotit etght miles from Catalina. The small Navicula 
sp. was dominant at three stations, Chaetoceras affine at oae and 
Peridmium cerasus at one. 

Sub-series D includes three stations between Santa Cataliua 
and San Pedro. Tt agrees with the July series in showitig a 
marked increase of diatonis nearer San Pcdro. This is not yet 
accounted for in this series. Chaetoceras affine and a small Xa- 
rictila sp. are the mtmerical dominants at stations 19, 17, and 18. 

Sub-series E includes six stations from Pt. Fermin to the 
vicitiity of Santa Barbara Island. As far as it goes this sub- 
series covers a good dea! of the sanie ground covered by the 
July 1917 series. For this reason it has more interest tlian the 
other sub-series in this group. 

Both diatoms and dinoflagellates appearcd in largest iiinn- 
bers at Station 26 about six miles southcast of Santa Barbara 
Island. The ttumbers at Station 20 near Pt, Fermin were decid- 
erly smaller. This distribution is markedly different from that 
in the July 1917 series when the station near Pt. Fermin showed 
largest numbers of all. As notecl in discussing that series this 
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showitig of the July series was (lue to the net- Hence Oie show- 
itig of the August series is probably oorrect. 

X it esc hia scriata was mtmerically dominant at the three 
stations farthest seaward, oecurring in relativeiy enormous mini* 
Ijcts at the two stations nearest Santa Barbara Island, This is 
approximately the general region in which it was especially 
prominent in the June series and the July 1917 series. The 
small Navicula was most nuineTOus at Station 21. and t imete- 
ceras affine at Stations 22 and 20 . 

This sub-seri es shows plainly that there are niarked differ- 
ences in plankton content in different localities. While it dne> 
not snpport the qucstionable indicatum of the July 1917 scrie^ 
that heavier plankton occurs close inshore, it does show some 
resemblance to that condition by its heavier plankton being 
found near Santa Barbara Island. The dominanee of Sitcschw 
scriata in the region near-this island at three different times 
suggests the possibility of an organism being characteri stic of a 
given area over a considerable period of time, 

Sub-series F includes four stations not covered in sudi a 
wav as to be dircctJy comparablc with the otheT sui 1-series Sta¬ 
tion 40 was just north of Santa Cruz Island. Xiteschia scrinia 
was distinctly doni i nant here, giving the impression that some- 
thing in neaniess to islands favors it The catch as a whotr 
closely resemhled others in the inain series exccpt that dino- 
tlagellates were made prominent by large tmmhers of ConytUihx 
pafyectra, 

Stations 50, 51 and 52 were ahout fifteen or twenty miles 
fmni Oceansidc, Nothing of prominence appears in their ree- 
ords to indicate much differetiee from conditions in that region 
a week tiefure, exccpt that Station 51 is almost identicat with 
Station 10 and it shows a doiuinaiice of the small Navicula, 
instead of Chaetoccras affine as at the other time. 

Considering this Angust series again as a whole. it is inter- 
esiing to note that Ckaetoccras affine is dominam at ten stations 
out of the twenty-eight, the small Navicula at twelve stations, 
Xitzschta scriata at fotir sta'ions. Chaetoccras decipiens 3t one 
station and Pcritiinium cerasus at one station, 

Cfirj.ECTivC IMSCI SMOX l»K I9l8 SE.RlKS E K COM P.l KISOK WITH 1017 StUrfS 

TIr* work in 1918 was along lines somewhat similat to 
iliose of 1917, hence it may be most conveniently discussed b> 
making compar i sons. Only two additional points seem to be 


DigitizeiT by 


Gec gle 


Qriginal frerr 

™HARVA R DTl NI Vt R SITY 





CfRRExts in Relation to Organisms 551 


clcarly indicated. First, it seems almosi certaiii that the pro¬ 
duc t ion of diatonis reaches a maximum somewhere from April 
to earlv jutie t a conclusion which agrees vvitli the results of 
various Europeau observations. Second, owing partly to the 
use of the shorter, fifty meter vertical haul, a complete series of 
catches with the No, 25 net was made on the long August trip, 
even including catches in the Santa Barbara Channel and beyond 
Point Conceptiori. 

Monthly cruises (except April) were made from Jaiiuary 
to August in 1918, The January trip shows notliing of particu- 
lar note unless it be that Chaetoeeras criopkilum Castr. is the 
most prominent microplankton in nearly the wliole lot of rather 
light catches. February catches were sligbtly heavier with a 
predominance of Choetocems cuntisehtm CL In March Charto- 
ceras curvisetum retained its domitiance iti much heavier catches. 
Nitsschia pungens Grun. was most abundant at the two stations 
east of San Nicolas Island, liowever. In May N. pungens was 
much the most prominent microplankton at ali stations beyond 
Santa Barbara Island, Considering the stnall size of this diatom 
and the probable heavy losses through the net, this is a reniark- 
able showing in a grotip of rather heavy catches. Af. pungens 
retained its prominence in Jtine, N. seriata being next most 
abundant. Considering the opinion of sonie experts that N. pun¬ 
gens and jV. seriata are merely different fornis of the same spe¬ 
cies, this fact has considerable interest. Catches in jtine (Table 
III ) were distinctly lighter. 

Some details of the August records require more attenti on 
than those for other months. For one thing, there is the sanie 
relative scarcity of microplankton at the two stations (No. 6 
and No. 7) midway between San Cleniente and Oceanside, as 
has already been noted for the August trip of 1917. It is inter- 
esting to see that this 1918 cruise also shoivs a simila r scarcity 
at Station 10 midway between San juan and Santa Catalina 
Island. As yet there is no means of knowing whether this is the 
typical condition in those localities, but there is some probahility 
that it is and the question of the pnssiblc explanatiori is interest- 
ing. The distance from land is not snch as to make it probable 
that dearth of organic matter is the cause. Other factors must 
he responsible for the peculiar condition. The most likely expla¬ 
natiori seems to be in some peculiarity of the currents. 

Another interesting feature of this August trip is its "reater 
extent beyond San Nicolas. As a matter of convenience in tabu- 
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lating the records, the stations near and beyond San Nicolas 
have been arbitrarily grouped together into ati “off sliore group" 
by way of contra.st to the “south inshore group" betveen Saii 
Diego atid Santa Barabara Island and the “north jnsliore group" 
north of Santa Cmz Island. Tliis “off shore group'' shoved 
large numbers of diatoms to quite a distanoe beyond San Xjco- 
las, but there was a very rnarked reduction in mtmbers at the 
seven stations fdrthest out. This reduction was not so markcd 
for the di noflagel lates which kept up their mimbers fairlv well 
at rlie nuter stations. The larger number of both diatonis and 
dinofia gei lates in the vicinity of Point Conception is quite notice- 
able and leads to the question as to whether this indicates a later 
maximum of mtcroplaiikton production in tliat region than ve 
liave found farther south, Another feature of tliis August serie? 
is the prominence of Rhbosolcnia calcar aris Schultze, At 
abotit the same time in 1917 Nitzschia scriata Ch was much the 
most prominent in similar locat i oris. This condit ion may Ix* clue 
to a difFerence in seasonal dominants. 

From some extra hauls in the August series a comparative 
studv was made of the results of vertical hauling at depths of 
200 meters and at the surfacc in addition to the regular vertical 
hauls of fifty meters. Too few ha uls were taketi to 1* conclu¬ 
si ve. In this case the catches ivere not greatly different excepi 
tliat the snrface hauls appeared rather light. and this may have 
heen due to diffcrencc in hauling. Yertical hattls of 200 meter- 
and fifty meters were much alike, a fact which iiulicates thai 
practically all of the micropianktou is nsually to he f<Jimd at les> 
depths than 50 meters. 

Sl r M Ai AhV <>t‘ «KSCI.VS OC STUJHES OF I.ATEKAI, SFKIES OF igij AND LQlS 

The suntmary of the results of these st udi es requires little 
space. 

1. Ii is fairlv evident that diatonis usually exceetl dino- 
flagellate* in iiuitibers and also in btilk. August and September 
scems to he the only period of the year in which there is exten¬ 
sive exceptio» to Ihis nile. There is some evideiiee that maxima 
of dinoflagcllates come with minima of diatonis and vice versa. 

2 . There is strong indication that animal maxima for both 
diatonis aml dinoflagcllates occur in the period from April to 
early Jtine. 

3. Tlicre is indication that the minimum of diatoni pn> 
ductioii for the year comes in August or September. 
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4. There is some evidence that the anmtal minimum of 
dinoflagellate production comes sometimes in tlie winter. It 
would also appear that dinofiagellates are mucli more unstable in 
occurrence than diatonis. These differences may pro ve of dis¬ 
tinet valite in interprctation of relative distrilnition of mkrn- 
plankton in the sea, 

5. It is very evulent that plankton content differs markedlv 
tn different areas at a given time and in a given area at differ¬ 
ent times, even at short intervals. 

6. It is very evident that plankton collectioris taken at 
long and irregular intervais of time are of little valite for statis- 
tieal study of the hiology of the sea. 

7 It is necessary to improve and to standardkc the meth- 
ods of collecting. Some way shouUl be fouud to locate the 
organisms more accurate!y, to niake the records ntore nearh 
continuous. and to place all phases of the work in the hands of 
skilled. interested and perseverint workers, Othenvisc the Work 
wi II remain at the dead level of repeated preli minar v activi lies 
for which no advance is provided. 

fi, The problem of marine plankton distribui ion is idmost 
identical with the problem of marine life, one of the most diffi- 
cn It problems which the human mind can set for it sol t. It cau- 
not he cotnpletely solved in a day, or a year, or a cciunrv, It 
recpiires a long series of observations at manv ilelinite statioiis in 
definite areas, made through fre*]Uent collectioiis durin^ decado 
<>r centuries of time. Continuitv of erfort Ixitli 111 time and spncc 

-F k 

is essentia! to real progress toward sol uti on of pkttikinn problems. 

g. The marine plankton problem is, for praeiical purposes, 
a problem of ecological cycles, associations and successione. Ti 
is distinctly genera) rather than spccific in nature, 

10. There is little hope of commercial ut ili v:,\ limi <if smdic- 
of marine microplankton itntil methods havc bwii made more 
exaet and more nearly Standard i zed, and untii tru-tworthy roc- 
tirds have accnnuilaled to siteh an extern as to compare favor- 
ahlv with the records which are ttsed for tidal arui meteurobg- 
ical predictions. Tnstead of behtg content with dkthiguislitng 
htological Sciences from “exact Sciences”, it would he vvnrth 
ivhile to see how exaet thev can he made. 
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NOTE ON THE TARCES 

O» aceount of the prelitninary character of tliese studies it 
has not been eonsidered nccessary to print the complete records. 
hence the tables for July 1917 and June 1918 are the only onc^ 
included with this paper. 

Ali catches viere made by vertical hauls with the number 25 
tow net. Hauls for 1917 wcrc from depths of 200 meters to the 
surface. Those for 1918 were From depths of fifty meters to the 
surface. Numhers given in rabies are estimated tot ais in each 
catch of any species or designated group. Where two numbers 
are given the smaller gives tlie number of colonies. 

The map accompanying the paper by E. L. Michael pub- 
lished in the proceedings of this Conference covers most of the 
territorv referred to in this paper. 
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EFFECT OF UPWELLING WATER UPON THE OR- 
GAXIC FERTILITY OF THE SE A IN THE 
REGION OF SOUTHERN CAUFORNIA 

By Ellis L. MjchaEL, Scripps Institution for Biologica I Research 

INTRODUCTION 

With remarkably few exceptions, marine animals depend 
finaliy for food upon micro 5 COpic one-celled piant*; living at or 
near the surface of the sea, which, taken collecti vely, are called 
phytoplatikton. The albacore, for example, feeds upon sardines 
sa.relines upon copepods. and copepods upon constituents of the 
phytoplankton. So with the barraconda and yeljow-tail. Other 
fishes, like halihut and ood, which inhabit the sea floor or deep 
water, feed upon niolluscs, wonns, and crabs of the bottom, or 
upon carcasses of plankton animals mtermtxed with bottom mud 
or caught in their descent from the upper layers of water, But 
the food of the food of these deep water fishes cnnsists of dia¬ 
tonis or other constituents of the phytoplankton, or of plankton 
animals which fced «pon these plants. So with the vast major- 
ity of other marine animals, The number of links in the food 
chain connecting any particular one with the phytoplankton 
may be few, as in the case of a copepod, or many, as in the 
case of a seal, but, in each instance, they lead to and terminate 
in the minute plants iuhabiting the surfacc waters. 

The part played by the large algae and seaweed* upon the 
metabolic cycle is indirect, though it is probably important, espe- 
cially in inshore areas, "'The sea," say McGlendon. Gatilt, and 
Mulhotland (1917, p. 37). “may be compared to the body of 
one of the higher vertebrales. The mammal regulates the P|{ 
of the blood through the action of the respiratory center. The 
sea regulates the P(-[ of its surface waters most probably through 
the action of seaweed,” Bearing on this point. Mayor {1919. 
p. 152) says: “Hiotosynthesis by marine plants in sunlight is 
a very important factor in controllittg the hydrogen-ion cou- 
centration of the water of shallow lagoons or tide pools where 
the Ixittom is covered with seaweed; for the plants reduce the 
COj, thus setting free oxygen and causing the water to bccome 
liighly alkaline. 1 ' Mayor then cites, as an example, the fact that 
“While the |I'h the] sea aroutid the Tortugas is ahout 8,22, 
that of the lagoon rose at times to 8.35 liy rlay and sank to 8.18 
at night." Although no appreciable diurnal variation 
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lias yet been detected in the open sea, evcn in the vicinity of the 
kelp beds off I„a Jolla, evideiite is later adthiced whieh supp<_>rt-. 
iti the niaiti. tlie aliove statemems, providing seaweed be con¬ 
side red as including the pliytdplankton as well. 

Hovever extensive the regulatory effect of seaweeils—a> 
such—tnay be, the faet remains that pliytnplanktnn is the Ia st 
link in the food cliain, and, hence that its quanti ty is a meas ure 
or the fertility and pnoductivity of the sea. If. in any year or 
period of years. this quanti ty falis lielow uormal, it diould. in 
duc time, he folloued hy a cor respondi ng shortage in animal 
lite, ultimatdy manifesting itself iti diminished fishery retums. 
Ukewise, an umisvallv large quantity of phytoplankton woulcf 
pennit the exisietiee tif a oorrespondiugly large mimher of 
animals whieh, again, sfioultl manifest itself in tlic fishery 
returns, Sudi variatiotis in quam ity nf phytoplankton occur. 
quite aside ironi tlie seasnnai ryele nf prodiirhtm whieh feads 
to a maximum in spring. Knowledge of the causes of this 
variatior, t here fore, is of mterest not only froir a scientific 

of vicw hnt, hears importanti v u|w>n the ccoiimnir prohlem 
as well. 

Among important causcs of phy topia nkton variabiliiy off 
the Califomia coast is proliahly that of upwelting; water. The 
tlieory of npwelling is demon st rated hy McEwen tic>i6. 1919), 
and may he characteriaed briefly as foliows: * f A Ixxly is in 
equi libri uti i on the cartlds mrface only when at re st. When set 
in motion by urind or siiiiilar fnrce. the effect ot tlie eaftVs 
rotat ion is to deftect its directi on of motion to tlie right of the 
line of force in tlie northern hemispliere, and t<> the left in the 
Southern hemisphere. Tlu? northerly ivinits prcvailing <>iT the 
coast of Califomia thus drive tb** insliore water seauard in a 
direction somewhat to the west of south, forming wliat K 
known as the Califomia current. The siitfaet lvateis so 
removett from tlie coast are replaced hy upwelling of cold bot- 
toin water, the immediate hydrographic eflfect of whieh is to 
reduce tlie surface temperature and sal in i ty," 

Since vclocity of Chemical reae t ion inercases with the tem¬ 
perature, tlie reduction in temperature probably tends toward a 
decreasetl produci ion of phytoplankton. Reductior in salinity, 
on tlic olhcr haud, favors an iitereased ptoductioii because nater 
of low salinity carries a greater amount of silien in suspensk» 
ihan does water of liigh salinity. and silica is nceded by dia- 
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toms—the main constitnents of the phytoplankton of the Cali- 
fornia region—in the secretion of their frustules, Morcover, 
upwelling water presumably carnes to the surface the decotn- 
position products of the carcasses of bottom dwelling an ini ais 
and of those of pelagie organi.siris that have accumwlated ttpon 
the bottom, Chief among these decompositum products are 
ammotita and similar nitrogenous substances vvhich, in the form 
of nitrates, are required by plants for protein synthesis i and 
carbon dioxide needed in the manu facture of carbohydrate*. 

Theory, then, unquestioimbly points toward an increased 
production of phytopianktoti as a consequente of upwelling 
water. A statistical study of ‘‘field” observattons, however, is 
the only means either otf testing the correetness of theory, or, if 
correct, Oif ascertaining its significante in the economy of the sca 

It is the purpose of this paper to verify certaiti essenttals 
of this theory. This is accomplished by bringirig into relation 
to each other fluetuations in ainount of upwelling water, meas- 
ured by its effect on the temperature of the sea, and variatioris 
in volume of phytoplankton. Attention is ealled to the fact that 
the relation between temperature and phytoplankton aflfords a 
simpler and more reliable index to the effect of upwelling than 
would be the case were either the salinity, carbon dioxide, or 
nitrogen content used. For, theoretically, the real effect of a 
dccrease in temperature is to decrease the phytoplankton pro¬ 
ductio n while the apparent effect, dtte to upwelling, is to 
increase it. On the basis of available data, however, it is impos- 
sible to carry the investigation to its logica! conclusion, and to 
determine with certainty the law descrihing this relation, 
althongh this law is clearly suggesterl. Certainty scems to 
detnand large ntitnbers of qnantitatively comparable collectioris 
made simultaneously at certain critical points along the ooast, 
and at sea, especially dttring the period of maximum phyto¬ 
plankton production. It seems also to require materia! reduc tion 
in the niagnitude of '“field" errors. and direet meastirenicnt of 
the carbon-dioxide, and, perhaps, the nitrogen content and other 
chemical constituente of the water, The present investigation 
is hut a first step in this directiori. 

CHLIKT |J.\T,\ 

The data upon which tliis investigation is lia^ed consists of 
otne humi red sevcnty-four collectioris made from two humlred 
meters to the surface wit hin a strip of water extern! i ng approxi- 
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mately oue hundred twenty-five nautica) miles seaward from 
Point Fermjtt (see fig. i). The series was begun in 
July 1917 anci tennmated in Jtme 1918. Each collectiori was 
made with a conica! net of Ko. 25 Dufour bolting silk liaving 
an ori fice six inciles in diameter and a slant length of forty 
inches. Jnto the peak of the net a four ounce pomade bottle was 
tied, the quantity of organisms caught in each two hundred 
meter haul being thus automatically condcnsed to four o unces. 
Each collection was further condcnsed to abotit tliree and one- 
half ounces, and sufficient fonnalin added to make a five per cent 
solution. The eolieetions, so preserved, were filetl at tlie Scripps 
Institution and, in due time, emptied into graduates, allowed to 
settle for twenty-four hours, and the vohmie of the seditnent 
measured to the nearest cubic centimeter. Practically ali of this 
sediment is phytoplankton; occasionally a few animals like 
Salpa were obtained, but were removed before settling, The 
measurements and relevant data are given in Table I. Suffice it 
merely to add that a Hst of the most important species obtained 
during certain months is given by Mr. Allen in a paper which 
appears in these proceeditigs. 
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quently is thc engine tbereby stopped several times during a 
■'inglc haul. At siich times, thc boat, falling imo the trough of 
tlie sea, gcneraies a current that teuds to flow thiough the net 
from peak to ori fi ce. and so to eniptv it of whatever mav have 
liecn caught, It is evidcnt tliat the error so c au sed is large, 
aUhongh evcn its approximate magni t ude can not be e&timated, 

An apparatus devi sed by the former mechanici an of thc 
Scripps Institution. James Ross, for ehminating this error, con- 
sists essentially in a combinatiou net and float. The apparatui 
lowcred to the desired depth by cable and then relcascd. the 
vertical b;ml from there to thc surface being duc to the buoyancy 
nf tbc floar, This apparatus, though stili in an experimenta! 
stage, was used during July TQty, and to some extent later, 

The sectu vd sonrce of important error is natura! rather thati 
manipulative. Collections vary in the proportional number of 
iiuHviditals of the different species caught, and some species. 
11]»m settling. pack closer than others. Thus of two collections 
caeli cnutaining tbc same amount of organized food stuffs, but 
of wluch one consists primarily sav of Chadoceroits criophihns 
and fhc uther of Xitsehia seria tu, the latter will occupy a smaller 
vfdume iipon settling tlian the former. A third collectiori, con- 
Msting primarily of di noflagel lates. will occupy a stili smaller 
v* iliaue. nlthmigh it m;jy eontain the greatest amount of organ- 
izcd ftiod-stuff <>f the three. The magiiitude of thc error due to 
iliis cansc is tuiknmvn, but it seenis tikely that it is less than the 
mauipulaticc one above mentioned, 

si atist icat. methods empixived 

In liandiing thc data statistieally, a method of successive 
approximat imi to group a ver ages, supplemented by that of simple 
Imenr comtatioti. is used. The latter is well ktiown and needs 
m i fini lier innition, and the former, though new, is ftiliy 
deseri hed cl-ewhcre ( McEwdi and Micbaet. 1919). On one 
point onlv dfies ndditioual comment seem necessary, namcly. in 
justi fy ing thc use of geometric rather than arithmetic mcan. 

Spare forbids discussing fully the relative merits of thesc 
turi means jn biologica 1 statisties. There has been and stili is 
much confused thinkiiig on the subject. due primarily to failure 
in distingui shitig between a law describing the relation to each 
ntlier of repent cd measiircments of the same thing, and a Ia!' 1 
dcscrilmig the relation to eacli other of single measuremeuts of 
mam 1 things nf the same kind. For exauiple, in the case of one 
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thousand measLirertients of the height of one fully grown mati, 
this law is the well ktiown, though frequenti)’ misused, Gaussian 
latv of error'; wbile, in the case of single measnrements of the 
heights of one thusand meit, this law is a Jati* of growth. In 
some cases it may, and in this particular case does, resemble 
closely the Gaussian law of error from a mathematica! point of 
view ; and in such cases, it is advatitageous to employ the Sys¬ 
tem of reasoning based upon that law. But, it should not l>e 
forgotten that this reasoning does not strictly apply. 

In general, the greater the asytnmetry of the freqtiency 
curve, the less applicable is the Gaussian law of error and sta- 
tistical methods based upon it. This seems self evident; yet the 
arithmetic mean continues to be used as the most reliable 
measure of the character tn qnestion, and the probable error con¬ 
tinues to be applied even in cases of extreme asymmetry, This 
practice is due, of cotirse, to convenience; it can be justified On 
no other ground. A more rational, if less convenient, proce dure 
is to find some function of the measurement whose freqtiency 
distributioti accords well with the Gaussian law of error, and 
deal with that function. 

In the particular case at hand, this function is the logarithnt 
As shown by the aceonipanying histograms (figure 2), the fre- 
quency distributiori of the volumes of phytoplankton is so liighly 
asymmetrical as to be quite non-modal, whereas that of the loga- 
rithms of these voltinies is nearly symmetrical, according well 
with the Gaussian law of error. The significante of this is that. 
sitiee the arithmetic mean of the logarithms is the logarithm of 
the geometric mean of the volitmes, volume of phytoplankton 
flue tuates in approximately constant ratio about the geometric 
mean. In other words, the niaguittide of variatiori in volutne 
of phytoplankton is not independent of, but approximate ly pro- 
portional to, that volume, and the geometric mean is the average 
in which these variatioris are compensatory. 

A StUDV IN CORKELATlON’ 

VOLUME OF EHVTOFLANKTON, SEASUST, AND UISTANCE FROM TUE COAST 

The one humtred seventy-fonr collectioris concerired in this 
investigation are distrihuted over the nionths of July. August. 
and November 1917, and January, February, March. May. and 
Time 191S. The variation from muiith to monili in volume of 
phytoplankton is shown in table II. 
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Ficuhe 2. Efistngrams showing di^lribtttion of volumes of pliytn- 
plankton iinJ tlu-ir logarhhms, ihc position of the averagts (tO.ZQcc. and 
0.(185 cc.) being indicatod by croas lutcliing, Ordinate minthcr of tol- 
leciions; abscissa, — class intcrval. 
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TAItLE Jl. SEASONAL VARIAT ION IN VOLUME OF rHYTOPLAN KTON 


Xiimber of Average Volume of Phytophinklo-n 
Month Collections Anthmotic meati Ceomctric meati 

July, 1917. 16 M9cc. 

Aug. 1917..... 13 G.j 5.0 

S*ov, 1917......... 36 VO 2,3 

Jati. igi8...„...». ■ 1.3 0,8 

Feb, 1918.13 2.1 1,5 

Mar, 1918. r6 8,6 7.7 

May 1918... 2.1 32, r K1.3 

June 191&.................. .16 10.9 8.8 


Beginning with the maximum in July 1917, Table II indi* 
cates a rapid decrease at first and then a more gradual decrease 
imtit the minimum was reached in January 1918, Thereafter, 
thc volume incrcased, stowly at first, and more rapid ly later, 
imtil a second maximum was attained in May 1918, Although 
tbese data are quite inconckisive, the relation between the two 
maxima suggests a greater production of phytoplatikton during 
1917 than during 1918, and possibly a shift in the period of thc 
maximum in the two ycars, 

In order to asccrtatn the relation, tf any. between volume 
of phytoplankton and distance from the coast, the data in Table 1 
were arfatiged in order of iitereasing distance, and segregated, 
somewbat arbitrarily, into six groups. The first group consists 
nf thirty-four collections scattered between two and seventeen 
miles from the coast. The average volume of phytoplankton 
obtained, together with that pertaining to each of the reniaining 
live groups is given in Tahle III, 

TARI.E 111. VOLUME OF PHYTOPLANKTON ANII DISTANCE FROM TU fi COAST 



Xtimbcr 
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Volume of nliytoplanklon 
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Table III shows that volume of phytoptankton, as indicaicd 
by the geometric means, increased from a minimum nearest the 
coast to a maximum about seventy miles off, and then decreased 
with further increasc in distance. Judging from the arithmetic 
means, tiowever, this relation inay not be significant, for they 
indicate a minimum not nearest the coast» but about thirty miles 
from it, and a maximum at a distance of ahrmt dghty-five 
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instead «f seventy mites from it. Although the geometric mean 
is the more retiablc of the two meas ures, the relation indicate*! 
by both should be essentially the sanie. That it is not, points 
toward an uneven distribution of collcctions with respect to sea- 
soti, and emphasizes the need of correcting for the eflfect of 
season. 

This correction is made by the method of successive approx- 
i matiori to group averages (McEwen and Michaol. 1919). the 
initial equations and their Solutions being given at the end of this 
paper. When tbe geometric means are corrected in this way 
to what they most probably would ha ve been had a 11 collections 
beeti made during May 1918, they hecome tbe foltowingi 

12.8 ce. for group 1. 

13.0 cc. for group a 
13.6 cc. for group 3. 

14.0 cc. for group 4. 

13.3 cc. for group 5. 

13.4 cc, for group 6. 

Correction for the effect of .season. therefore, has not altercd 
significatitly the relation originally iinlicated: an increase is stili 
evident from a minimum nearest siture to a maximum aboiit 
seventy miles off. A sllght increase, instead of a decrease, 
farthest seaward is suggested, but it is so shght as probably to 
be accidenta). Supporting this interpretation is the fact that. 
when each observer! volume is eorrected for tbe effect of season 
and the regression coefficient determined for each of the $ix 
groups, each corroborate? the evidence furnished by the aver¬ 
ages, except for the fifth and sixth groups. wbere the coefficient 
shows a decrease in volume of phytoplankton with an increase in 
distance from the coast. Each regression coefficient, of course. 
pertains directly to the logarithms of the volumes and is the 
average change in the logarithtn corresponding to an increase of 
one mile in distance from the coast, Expressed in tenus of the 
vo!umes themselvcs, the antilogarithm of each regression codfi- 
cient is the commoti ratio, or average quantity by which each 
volume is multipLied to equal that one mile further from the 
coast. The six coefficients, expressed as cominon ratios. are: 

1.012 for group 1 
1.0JI7 f° r group J 
1.025 ft>r group i 
0,949 for group 4 
o.g ?5 for group 5 
g.qqq for group 6 -. 
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Evidently sorne influence associated with di st ance from the 
eoa st is responstble for this variatiori in volume of phytoplank- 
ton, and upwellin" water seems the most protiable. Although 
ttpwelling occurs ali along the coast, it is most pronounced at 
those points where the transition from shallow to deep water is 
most abrupt. This is established by MeEwen (1916). Refer- 
ence to plates 1 and 2 of his report shows, in the region here 
concerned, closest approach of the hundred meter contour to the 
coast between Point Fermin and Point Vincente, between Poitit 
Dume and Point Hucneme, and between Santa Barbara and 
Point Conceptiori. Within these three bealities itpwelling, on 
the whole, is most pronounced between Santa Barbara and Point 
Cotiception, and least pronounced between Point Fermin and 
Point Vincente. If- this water, togcther with that upwelling 
about the various Channel Islands, is carried southward as indi- 
cated by isotherms and isohalines ( MeEwen, 1916, pls. 6 aml 10 
especially), its amouut within the areas here investigated might 
well be such as to account for the observed variation in volume 
of phytoplankton. Iti other words, study of the accompanying 
map in the light of localities of pronounced ttpwelling w p ater 
and its probable direction of flow, stiggests that, at any particu¬ 
lae time, quantity of phytoplankton was greatest at that distance 
from the coast where amouut of upwelled water was greatest, 

CORREEATJGNS ncrwl-t^N VOCUM E OK P H YTO PT. AN KTO ff ANfl TEMPERATURE 

As already stated, one of the effects of upwelling water is 
to reduce both the surface temperature and salinity. This, of 
course, changes the density of the water and gives rise to a oon- 
veetive circulation which, aided by diffusion, tentis t<i offset the 
red licti on in salinity and to make it uniform over the eutire 
region. The process of oonduction likewise tends to offset the 
reductiora in temperature, but this process is mttch slow-er thati 
that of convection. whenee the effect of upwelling water upon 
temperature is more persistent than is that upon salinity. It 
follows that if the amouut of upwelled water within the arcas 
investigated was at a minimum nearest sliore and increased to a 
maximum about seventy miles off, as above sugffested, the sitr- 
face temperaturos, when corrected for the effect of season, 
shouM indicate this. 

This correction was made* as before. by the method of suc¬ 
cessive approximation to grtuip averages, the solutiori being 
gtven at the end of this pafxr, The rcsulting averages, cor- 
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rected to the month of May 1918, together ivith -ttic corresponii- 
injj distaitceft from the coast and volumes of phy topia nkton, are 
givcii in table IV. 


YAIll.E IV. RELAT ION OF TEMPERATURE AND VOl.UiK OF PHYTDPLaS KTfMf fl> 
DISTAHCB E ROM THE COAST, EaCH CORRECTED KOR THE 
EFFECT OF SEA 50 X 
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Table 

IV shows 

that, 

while 

volume of 

phytoplanktun 


inercasud from a minimum nearest shore to a maximum aboiit 
'fveiitv miles off, the temperature deereased from a maximum to 
u minimum. Comparison of the mnimon ratio 5 and regression 
e< «efficiet iis further sliows that. within each of the six areas* an 
inerease in vohime of pliy topia nkton is accompanied, on the aveo 
atte. hy n dee rea se in temperature, and a decrease m volgme hy 
;m inciease in temperature. In other words, Table 4 suggests a 
-i r* mg negative cor rei at ion betvveen volume of phy topia nkton atul 
leiupcralure. and points clearly toward upwelling water as an 
iiniHtnam canse i»f the obscrverl variation in voluuie of phyto- 

pl.ltlktnll. 

Tu-ding this indication by corrcctiug each temperature aivl 
V'*htmc '»f phytoplankton entered iit Table I for season, atul 
rminiiig a cor r eia t ion between the correcterl valnes. or rather 
bctwecn tlie correeted temperatures and the logarithms of the cor- 
rected volumus, gives —0,4596 ±0 033" as the eoeJficient of cor- 
idali *n Mores» ver. >uperim|)osing the correctum fur ili stante 


■ Tivfi fotiltulid :irv irt iiS»; fur roinputinp tlie prolKililo error of 3 
oprrcJjitii iti coefficictit, Th.it employed in this paper is 

0 . 6745 ( 1 ^) 

P. E. “- 

V N (]+r) 
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from the coast. i.e., correcting each observed temperature and 
volunie of phytoplankton not only to the month of May 1918, 
but also to a distante of 46.7 miles from the coast, reduces the 
correlation eoefficient hy 0.2099 ±l 0.054 to —0.2597 -± 0.042. Itr 
other words, the magni Ut de of the correlation between volunie of 
phytoplankton and temperature is only aliout half attributable to 
influences associated with distance from the coast. 

The significance of this is cvident. Insitore currents are 
highly complex and variable. aitrl, siuce the preci.se direction of 
flow of upwelled water depends upon these currents, its distri- 
hution within tfie six areas investigated must likcwise ha ve been 
highly complex and variable. Classi ficati 011 of observations with 
respcct to distance from the coast is therefore an index only to 
the most prevalent or average distribution of upwelled water 
over a coti side rabi e period of time, The relation of temperature 
to upwelled water, on the other haud, is quite in dependent of 
how much the distribution of that water may vary. wlience a 
portion of its correlation with phytoplankton should likcwise be 
independent of stich variation. 

Ily elimina ting the effect upon temperature and phytoplank 
ton of those influences associated with season and distance from 
the coast, i,e., by r correcting each ob.servation to a constant month 
and distance. and computing the temperature-phytoplankton cor¬ 
relation eoefficient pertaining to each of the six areas, this 
interpretat ion is put to an empirical test, For, if correct, the 
eoefficient should be greatest relative to those areas where 
amount of upwelled water, as inclicated by the temperature, was 
most variable, namely, nearest shore and farthest seaward. The 
six coefficients are: 

—0.5104 forproup t. 

—n,2529 for grotip 2 . 

—0.0072 for group 3, 

—0.1185 for grnup 4. 

“O.202Q for group 5. 

—OJ2Q9 for grottp 6. 

Finally, McEwen (19191 lias pointed out that amount of 
upwelling water inereases from a minimum in winter to a maxi- 
lmini in sum me r. This is evident in the data here consideret!, 
for the average reduction in temperature beloiv that normat for 
the latitude is 4.18* C. for the eighty-eight observations made 
during the months of July and August 1917, and May and Jmif* 
1918, while it is only 1,61* C. for the eighty-six observations 
made during the months of November 1917 antl Janttary, Feb- 
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ruarv, and Murcii 1918. Aecordingly. if the negative corrdation 
lietween temperature and phytoplankton is coii sequent tipon 
(ipwelling, the coefficient computed from the summer data shoultl 
signi fica ntly exeeed that computed from the wititer data. Suci* 
proce-? tnie, the firmer coefficient betng —0.593 ± 0.037 a,l( * 
tlie tuter tmh —0.09*1 ^ 0.069, or. wlieti seasonal effecti* are 
eliminata 1 hy cor recti ng each observatum to May 1918, the 
former coefficient becomes —0.602 ± 0*036, and the latter 
—O.215 ^ 0.063, 

\ fkOllAlSLE L.\W OF RELAT10NSH1P 

VfM.l >0.0!' i’H VTOJM.AS KTON AN EvfllSEXTUl. FUNCTUM OF T11E 
TFM FCRATUltE REDUCTION 

The fnrcgoiiig ev id e nce givo gnnd support tr> the supposi¬ 
ti* m that *|itantit> *>i phvtnplauktoii increases with amount of 
npwelled wutor. hideed. the cvidencc i* si» consistent as to inake 
it ad vi st Me to determino llie relatum betweeti the tvo more pre- 
cisely in an attempt to isolate from the ctuisal complex untkt- 
lying phytoplunkioii pr*>d net ion the Inu hv wlitch this production 
F rclatod to upwctling water. I11 umlertaking this, two methods 
aro jmssihle: tfie taw nia\ lu- datuced from geueral principies) 
<*r, l*v nieait' ■ *i ilio method of successive approximat ion to giwip 
a ver ages, ii riia\ Ito determinat inducti velv from the data theiti- 
-olvo- 'Hic latter method i 1 ' ture emptoved. not because it 
more meritu rimis ihan the Former. Init hecanse lack of suffi¬ 
cient K welt eM.il ilidied quaniitative principies affords an inade- 
1 piato ha sis for rigor* m s dediictinn, 

Restrieting attention to tbc eighty-eight collectioris made 
ditring the Mtinmer monitu becatue of the sinall volmne of phvlo- 
planktoT) nbtaincd and the slight amount of upvvdhng duriiif^ the 
uinter. ilic n-rin of ccpiatioti rcUting volumc of phytoplankton 
i* ■ the temperature reductioti may lie approxtmated hy means af 
the method f grmip averages (McEwen and Michael. 

]tfU>, p. 311 1. iTolimiiiarv to the use of this method, howWCf- 
it i' desirabh- hriefly to cotisider: tirst, the nature of the 
with re fc ren ce l" gr mping the catises of phytoplankton produc 
tiun and >*i livtug the moM important varia hies involved: aiul- 
>ccond. '.ince reduction in tenipcralure behnv that normal for the 
latitude i-' tued as a nieasure of upwellitig. the relation befWtW 
iliis reduction and the upwelling velocity. 

Obvioiislv. the catises of pliytoplankt*m production may I* 
classtficd into two groups: those Associated primarily with timf. 
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and those associated primarily with space, With respect to lime, 
all collectioris were niade by vertical hauls froin two hundred 
meters to the surface so that whatever diumal variation may 
ha ve existed in the vertical distributiori of phytopiankton coukl 
not have eflfected, signi fi eant ly, the volume collected, irrespective 
of the time of day the collections were made. Further, all col- 
lections, during any one month, were restricted to an interval of 
three days at the most. Doubtless this means some change in 
production and, consequently, some difference between the quan- 
tity of phytopiankton actually obtained at the variotts stations 
and the quantity that would have been obtained had all collec¬ 
tioris been made simultaneously, Eut it is evident that this dif- 
ference is slight, whence it secms that the only important element 
of time is month. With respect to space, all collections were 
confined to a narrow strip of water approximately perpendicular 
to the coast, and the foregoing evidence demonstrates that tem¬ 
perature of the water is a good index to the variability in quan¬ 
tity of phytopiankton from place to place within that strip. 
Month and temperature are thus selected as the most important 
indices to the inftuences underlying variability in the volume of 
phytopiankton collected. ft is desired, however, to isolate frOm 
each other the effect of that group of influences associated with 
upweliing water from the effect of that group not so associat ed, 
whence the reduction in temperature is substituted for the tem¬ 
perature proper, and corrections computet) for the effect of varia¬ 
tion from month to month. 

The relation of temperature reduction to veloci ly of upwell- 
ing is sliown by McEwen {J919, tables 11 and 12), Though one 
is not a linear fu net ion of the other, it appears from these tables 
that, during the summer months (May, jttne, July, and AugustJ 
and within the Hmiting valties (0°$ <.R <6.3*) of the data here 
considered, the linear equation 

R — 0,i825rF —1.0 (1) 

represents the relation between the two near the soitrce of u[>- 
welling within an error of 0.2* C, wdiere R = temperature re¬ 
ductior in degrees centigrade, and fi' — velocity of upweliing in 
meters per month. For example, the surface rcductions which, 
according to McEwen*s est i mate, corrcspond to velocities of 
10 and 40 meters per month, are 0,99" C. and 0.45” C, respect- 
ively: equation (1) gives 0.82" C, and 6.30' C, Although no 
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further use is made of equation (i ) it enahles one to visualize 
the relation. 

In applying the sin pe methoH, the ohserved vnltimes of phy* 
toplankton are first arranged in aseending order of the magni- 
tude of the temperature reduction, and segregated into three 
groups of tweiity-sevcn, twenty-eight. and thirty-three observa* 
tions respecti vely, according to wliether R lay between 0*5* C. 
and 3.2' C., 3.5 0 C. and 5.1* C., or 5.2* C. and 6.3° C. The aver- 
age (gcometric mean) volume of phytoplankton in each of the 
three groups iis then corrected for the effect of month hy reduc* 
ing each (see Solution of Equations) to what it most probablv 
would have been had ali observations been made during May 
1918. The end resulta are shown in Table V. 

TAUJ.B V. RELATIOJ* OF OF PH YTQPI.AJ! KTON TO AMOUJTT Of LT- 

WEU-ED WATER MEASURETt B¥ THE M AONI TU HE OF THE REDUCTI GN' 

IS TEMPEKATLRE &ELOW THAT NOkMAL FOK THE EATITUDE 


TR M l*RE ATI "RE BEhVCTFON’ M EA N’ VOT.l' M E OF PH VTOPf.A N KTON' 
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log V = 07637 + 0,121 r R or V — 5.804 (1.32)** (2) 

This table shows that, when corrected to the month of May 
[918, volume of phytoplankton increased, on the average. fremi 
10.2 cc. to 20.8 cc. to 27,6 cc. as R increased from 2.044’C. 10 
4.56° C. to 5.61° C. If the logarithmsof thcse volumes be plotted 
against ihe corres[>ondiiig temperature reductione they will be 
found to lie verv nearly 011 a straight line whose equation (2) is 
that entered in the table. The accuracy of this relation is indi' 
cated by comparison of the values ascertained directly by the 
slope method vitii those compntcd by equation (2), It seems 
evident that such close agreement can not be entirely attrihuteri 
to chance. Moreover, the common ratios show that, in group 1, 
volume of phytoplankton increased, 011 the average, 1.34 times 
for an increase of otie degree in R; while, in group 2, it increased 
1.31 times: and, in group 3, 1.30 times. Such eousistency b 
highly iinpmbahle, regarded as mere oniicidence. since each of 
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the three ratios are determined independently of each other by 
the slope method. and since this method involves no assumption 
whatsoever coneenung the nature of relation between volume of 
phytoplankton and reduction in tcmjjerature, Table V thus con- 
stitutes an inductive demonstration tliat, so far as the eighty- 
eight observations under consideration are concerned, volume of 
phytoplankton increases, on the average. in approximate geomet- 
ric progression as reduction in temperature increases in arith- 
metic progression. 

Agreement between observed and computed volumes for the 
two sumrner months, August 1917 and May 1918, are not satis- 
factorj'. The reason seems to be that the volume collected dur¬ 
ing August is slightlyv if any. greater than the error inherent 
in its measurement: while, during May, the sea was rougher 
than during any other month thereby rendering the error due to 
surging of the Irnat a maximum. In spite of this, the common 
ratio determined from the August data is r,8s. while that deter- 
mined from the May data is T.13, making an average for the 
two month.s comhined of r.35: a valite agreemg well with those 
entered in Table V, 

Turning attention- to the two remainitig summer months, 
July 19 T7 and June 1918, it is found that, during July, a larger 
volume of phytoplankton was collected than during any other 
month. and that the combination floatnet was used, thereby elim- 
inating the large collecting error due to surging; while during 
June. a greater nurnber of collections were made than during 
any other month. and the sea was unusually smooth, reducing 
•dgnifieantly the error dtie to surging even though the floatnet 
was not used. It seems, then, that tlie data for these two 
months are especiallv well adapted to the comparison of observed 
anrl computed volumes. The stxteen observations made during 
July 1917, and the thirty-six triade during June 1918. were there- 
fore arranged in order of the increasing magnitude of R, and 
segregated into four groups of four observations each for July, 
and nine each for June. Table VI gives the average temperature 
reduction for each group, and the eorres|jondiug observed and 
computed volumes of phytoplankton. 
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TABI.E VI, OJKERVED ANU COMPUTED VOLUMES OF PHVTOPLANKTON FOR THE 
MONT)IS OF JULY 1 gi7 AND JUNE IQlS 



JUl 

:.v 1917 



1 

JUK 

;e 1918 




Obse 

rvccl 

Comput' 

cd 


Observcd 

Computed 

R 




R 






Log V 

V 

Log V 

V 

i 

Log V 

V 

Log r 

V 


1,123 

'3 3 

1,127 

13.4 

1,88* C 

0.621 

4-2 

0.623 

4-J 

4 95 

1.441 

27.6 

1,442 

27.7 

4,66 

0.971 

94 

0995 

90 

5 50 

i-5=J 

33 4 

1.520 

3J T 

S.m 

i.oSr 

12.1 

1053 

ir.3 

S.go 

1577 

37-8 

t.5"6 

37.7 

5-53 

1.108 

12,8 

i.ln 

12.9 

log V - 

* 0.7403 

4- 0.1 * 

w?k 


lf>g V 

— 0.3716 

+ 01337R 


V 

“ 5-50 1 

fl>39) R 

<3) 

1 

V 

“ 2 35 (1 


<v 



The agreement between. observed and computed volumes 
shown by this Ubie js surpnsingly close, the greatest deviation 
being only 0.8 cc. Furthermore, the common ratio? (see equa- 
tions 3 and 4), 1.39 for July and 1,36 for June, agree remark- 
ably well with the values, 1.30 to 1.34, ascertained by the slope 
method (Table V). 

Considering all of the eighty-eight observatio ns. the means 
of the observed volumes corresponding to eacli value of R are 
plotted in figure 3 along with the volumes cumputed by the 
equation 

Log V — 07637 + o. 1211 jf? — S (5) 

which is equation (2) with the seasonal constant S subtractcd 
to correct each volumc from May 1918 to the month in which 
the observation was made. A good agreetnent between observer! 
and computed volumes is scen, akhough not so good as for 
June and July takcn scparately. 

Perhaps the most strikiug way of ilhistrating the relation 
between temperature reduction and volume of phytoplankton is 
to compute the former from the latter for each of the cighty- 
eight observations. This is aecompUshed by equation (5) trans- 
formed so as to give R as a function of V instead of V as a 
function of R, namely 

R = 8.258 (log. V S) — 6.306 (6} 

Table VII shows the agreetnent between the values of R com¬ 
puted in this way, and those determinet! as in table I, here desig- 
natcd as observcd* 
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fjCtHFi j. KtiliUgti taetweefl vaiunric qI pbytop]jnkf&n -in cc. (nr^i- 
nate) -and temperature rcductii.nr m dc^Tccs Ccntrr^radc (abscissa) a* 
stiawn by siphjy-eighl flbt#rvalioni5 distribuiw? over Elu? monilis ai July 
Aujrust 101? and May aTi<J Jurtc T^l8, &uhd lute cdflnW-iA abfrctfvrd 
vclum&s: brolcm line fonntet*, vcInnic-F computcd l>y «jtiaipon [') r tlie 
Central np-wnr<i trend fflue 10 and iht jWlb Artd drpr^almn* h> J_ 
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; ««-5 

T3ioLijf]i tinis reliabiliiy is not f^reat. it is nol lnaiJ CGnsMerlatg the 
numlie r aml iiuipiitimle of errors 1 niterem in Ilie- collecting of 


Digitized by 


Google 


Qrigirsalfrom — 
HARVARD UNIVERStTV 


CURRENTS IN RE LATI ON TO OrUANISMS 


S 79 


phytoplankton and m its volumetric measurement; and also tliat 
only one cavi sal influence. or group of influetices. other thati up- 
welling, has been takcn into account, 

NATURE OF RELATlON PETWEEN PHYTOPLANKTON AND TEMPERATURE BJEDUC- 
TtON SUCCES-TED BY PRINCIPLES UNDERLYINC PHOTOSYNTH ESIS 

Growth in green plants can not proceed more rapiclly thati 
the rate at which carbohydrates and proteins are synthesized, nor 
can it proceed less rapidly, since broadly interpreted the products 
of these syntheses constitute growth. Further, because both 
kinds of synthesis are necessary, growth presupposes both to 
take place at approximately proportional rates, Abnormality and 
death must otherwise ensue. Kssentially this is Liebig*s “Law of 
the Minimum,*’ which stipulat es that piant growth can not be 
more rapid than. permitted by the food-stuff present in minima! 
quantity, ir respecti ve of how abundant other needed food-stuff s 
may be. In the sea it is probable that the limiting materials are 
the nitrates reqitlred for protein synthesis, and, witft reference to 
diatonis, the silica needed in the secretion of their frustules. 
Each of these substances occurs in exceedingly small quantity, 
although it is likely that this quantity increases with amount of 
upwelled water. Be this as it may, it is obvious that* at the 
height of phytoplankton productio-n, these substances are present 
in sufficient quantity to per mi t rapid growth. Whence* since 
growth in these plants* especially in the diatoms, expresses itself 
primarily in propagation, it follows that an estimate either of the 
rate of photosynthesis or of the rate of protein synthesis is an 
estimate of the rate of propagation, The chemistry of protein 
synthesis* however, is so inadequately understood as to afford 
scarcely any basis for estimating its rate, and the chemistry of 
photosynthesis, though better understood* is rampant with specu- 
lation and hypothesis* 

The first steps in the chemistry of photosynthesis are uncer- 
tainly known. Quoting from Green (1911, p. 748) who best 
summarizes the present extent of knowledge: “the first Chemical 
change suggested is an imcraction between carhon dioxidc and 
water, under the influence of light acting through chlorophyll, 
which leads to the simultaneous fonnation of formaldehydc and 
hydrogen peroxide. The formaldehyde at once undergoes a 
proeess of condensation or polymerizatkin by the protoplasm of 
the plastid, while the hydrogen peroxide is said to be decom- 
posed into water and free oxygen.” However this may 
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Hc, thc hcx^e Migars, glucose and frudose p appear eark. ifl <3 
it is u-ell estahlished ffirown and. Morris, 1893) lliat lliey are 
prodnced ilir hydnolytk ckavage (iirversipn) of came 

sti^ar, Ihaugh fIit! riunntr iri which cane Stfg&r itself migmate*, 
is iubj-tct Ut eontroversy. Thi& clcavagc of cane sitiar typifhs 
ni-any of the chcmie&l proces? es invoLved in photosy-ntbe^. 
Trideed. according to Henrterson (1913* p. 160 \; "Reactk&ns of 
ili is type, in wWch caffhohydrates.,, fats r proitins. and other ssiV 
stancics takc pa.rt r Eiialcc up a Yery lar^c, irf ncit the large f rac- 

lion en! .lM thc prvtceN^ea f>f metabolism. ,p Biti ihe Heava^e 

takffH place only in the presence of an ac id, and iis veloeity is 
proportiQiia] io ilie strcn^th -of the ac id. In other w pinis, thc 
plitiiosiictkMi i> -Liiif of tatftlyifa, ;!□<[, siricc tlic stnenjjili an 
acisl i* imiponuiriB.] io its ili^snciation. "the hydrogen-ioris are iht 
r;Lt»]jzcrfi. anrl the velocity of inversion ls approxnnafctly prnytir- 
finnaJ to tlie concentration of llic hydnogen-ions present" (jnncs. 

itjo 2 , p. 456.) 

Tliis aE oehe? suggests that, unde r fa vorati e conditio ns. rate 
ttf ph^t^&yntliciis in aqiiatic piants may bc dsncctly propvrri«ul 
to the hydrogeiKi&n conrentration of the water. Indced r eicptri- 
mente by Illackrnan and Smitli i 19103 on Ilie fresh -water planta 
F(jllLitl^lii r HlOflei, ailtl Ccrilnpliylliich, |huii| iti this Jifc^tiGTl. 
TTicse invrMigators fotind tha.t rate of photosynthesis was dircct- 
ly pcoportkmal to the available carlwni (linxi de MippSy. which, of 

cutira, nifians Lhat it varies diirectly with the hydrogeii-ioii enn- 

cE'iilr:ic in dii r ;lIi I ioii^Ii thc cxpcrjvticnts p l*ein.g designet! frorn a 

*[iiitc different poi nt nf vietv, do nnt justify a more pnecisfl statr- 
ment -V<aiii 4 es perlinent & by Moorc, Prideaux, and Hedmaii 
( ■nij i- cancerning tht limitationi of idn 4 osyaithesis by ^1gM in 
MM wiLicr, 1 meili in thc dinsctiftfi. Thc^c exptrjmtnts. espr 
ci-ally the iir^t onc, *hovv tliat rare r»f phidosynthesis decreased 
si^nificanllt si- thc Iiydrogefl-kn emeentraiion (kereased, and, 
to rjnoie <p. .3^^ l, lliat ^yshotosyntlictic action itops at lli-e p«- 
-L-isr pmiiL ^licre ali tlir availa.ble bicarboEiatfr h^is heen csmeertol 
intE h carlvvfiatc ; rjnr] |!ic hyclrggen-ioti ronctEitraJii m h? s t ^ 11 
rtaclied ihc ^iprisin^ly taw valne—lir* pl . tN Thmigh thfl^e e>cper~ 
imenis fall short of i^rnof, they are very s-ii^e?tive. 

"Tiirinn^ to i i h^iiiL>tfy, it wcll khoivii thau within 

plipio logica I Ii ruit is vckrtity of chentital rcaction iEicrea^es with 
ihe lemperatiine. sometiines tripphng, bm usnally dotiblingr, wath 
an incr^ase uf 10* C. Tliis cliaracierizes a wide range of chtm- 
ir^il plierhimeiin, t sip^iallv tlic^sc rrstiiihli th^ takiiijf 
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place within the organism, such as the saponification of esters 
and deavage of sugars. Moreovef, Blackman (1905) and 
Elackman and Smith (1910), as well as other investigators, have 
found this to hold for the photosynthesis of both land and 
aquatic plants, the rate donbltng for an tncrease of 10’ C, pro- 
viding the temperature be less than 27’ C, Above this tempera¬ 
ture secondary effects come mto play, and the rate of photosyn- 
thesis, though initially according with expectation, decreases, and 
it appears that the higher the temperature» the greater and more 
rapid is this decrease. 

It seems, then, that under similar condttions of illtiminatiou 
and during a season wheti phytoplankton is abundant, reasotiablc 

j ustification is had for writing ► , , 

u oj 

r = kHX2 (7) 

where r 1 = rate of propagation during a time interval T s — 7 \ 
conditioned as brief in comparison io the time required for 
marked seasonal cbange in production, where H — hydrogen-iott 
concentration of the water, where f = temperature of the water 
in degrees centigrade, and where k = a proportionality constant. 

As stated on a previons page it is probable that upwelling 
brings to the surface the di «integrat ion products of the car- 
casses of organi sin s continually accumulat i ng upon the bo;tom 
of the sea, and that amoug these products is carboii dioxitk» 
Several facts support this. First, Henderson (1913, P- 
snmmarizes the evidetice conceming the vertieal distribiiHon of 
carbon dioxide in the Meditcrranean, Atlantic, North Sea, and 
Black Sea, and shows it to increase from surface to luottom. 
Second, although similar observations have not heen made in 

*The validity of equation (7). or of any equation expressing the 
r dat ion between two or more of the vari abi es concernet) in photosyn- 
thesis, hinge* npun the validity of eertain conclusions of BJackmati and 
Smith (1910). In their admirable emica vor to replace the concept of 
“optima! conditions 1 ' in photosynthesis by the more rational une of "'inter- 
aedon of limiting facto rs.” they have not proveti. :is tliey seem to believe. 
that temperature is ii limiting factor in the sanie sense that availahle light 
energy or carbon dioxide supply are. Obviously, if a 11 availahle light 
energy be utilkcd at a eertain rate of phucosynthesis, this rate cannut be 
incrcascd under any conditioni save by supplying more light, The same 
cantiot be saiil, as Klackman and Smith imply. when both the C 0 „ and 
light energy are exeessive, but constant, and temperature seems to be 
the iimitmg factor. For temperature has onty a toiiic or sii nui lati ve 
effect; it is in no sense toti sume tl. Froper alterat ion i>f anytliing elsc 
having a similar tonic effect. sueh as increase in ncidity. sboiild increase 
the rate of photosynthesis even though the temperant re remuiued uml- 
tered, just as is the case iu the iiiversjon of cane sugar and similar phe- 
nomena. The expcnnients of Hkckinan and Sttiitb. though noteworthy, 
arc wholly in applicabit- to this question, if, indeed, there be any question. 
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FaX-TaCVWIC SciUNT 1 FIC CONTERENCE 


iEu- Pacific Mayur < i[j3t> K ]j. i>i I says: ‘“I fimi ihat tlie CO* 
ten sion o£ the mrrfaoe wplers along ibe Cwt of t_bc 

United States is considerably tiigher than ive muld e*pect Iroin 
itft lovr Kinpcralurc and much arinve lliai o£ tlvc wat« f*nher 
off thc Coi st- TIiuv a Fpj of 7.85 at io_5 s C_ and a CO s ten- 
sioti of 5,4 tembonsanditu of m atmosphere were obscrvctl 54 
mite* oft Gaic, San Francisco 1 on May l 1 1917? and 

■j>iiiewliat ^iinilar cinuliMuiiK w?re settl nflf Vanconv*r in Scii- 
IrmhLT, 19i8“. Third in the Coastal reguins af Similiem Ca^- 
iiirnm, .l ijiiite lEefinile rei at ion liolds taetwwn the hydro^w^M 
coroceiitration aiul temjicratvire raluctirin nf the surfacc nater.. 
=^t iluriii" crrtftin unvnfJis. Thi* is mari-L e vident by 

tatile \ TI [ ni whith a-te enteral a serie* of sixty-fonr P13 oha±e- 
[OKCtlttr with tlidsc compdtctl tiy the eqnati&n 

Log (H X ic" — 6-i7) = Iflg R — 0.0025 4 - 0.024.6 R (8( 

□ii wliLcti, [|ioil»]i psr |]y vu] iport^l t y thetiry T tan ™?i 

l>c c^laliEishec] clejludivtl/ m |he iire^oil o( kfttiwltdgf- 

Suffice t"hc Taiflafk 1 a* impii eri ici t fic a bove cjnotatimi from 
Moure P lVktcatix, an<J Hurdman (1^15, p, 257 ) p a pUnt, in with- 
lirau in^ carbon-dicxidc frotn the waier P roraveris hioarl amate itito 
carhonate md so decreases the hytlrogen-km concentralion. 
ivheiice thi& coiice nt ratio n at any panieular time and place tle- 
InlhiiU not only upem armant of upwdling bm al^ □poti anvount 
of phiitossyiuhcfiB, and* of course* atmunl of piant aml atiimtf 
rt^iiration, betwtrn the source ihc ttpwellcd water and place 
c rf oh^ervatwn. 

Eaell ob^LTVvd valtlc of the Pjj etitered in Tabte VIII 
measured by the dilu rimet ric mctfwth omesol reti being u^ed as 
indicator; amt caeli mf tbc .Hix|y-foLir water samplE^ wa^ i^kcn 
at 8 a. Mt, dilfitig Jklly 1919. S-ix svere taken ai La JolU. M r he^# 
uliiicllin^ silight; iwcnty at Suinifierland (near Santa Bat* 
Uirap latitude ^4* 55.0' tw<i 3 ty- 4 eK« at Ft, IlLicneme Ma^' j 
tndy ;^4 e Wii F X. L bilici rlcven al Ar^viellcp (al^ni trn oauiital 
utiles iiortli of I t Ciiticeptian, latitiifle ^4* h U ,C X 1 

Tatjle VIII Miows a gpod agrecnient hetwm abserved and 
Ci ] lii|nue([ o| the P| [. Tllt: ik-vi^linn^ a 

t-rrur of alxiut>±o.o6 for a stiigle ohservatbn. an siecnraev iritwh 
^reater thara es^-Ltt-d sjnce the error involvet! in Tncasurin^ the 
r Fl is appmjetmately ±0.025. 
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TAHLE vm. COMKAKISUN Ol r O IIS£KVKJ> VAI.VES ((>) UK P|| IV IT 11 THOSE Cl>M - 

fi;ted (c) by EguATiow (8> 


R H y 10» P H 

0 . C. O-C 

La Jolla 
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»,1C 

6.31 

820 

8.19 

+0.01 

03 

?.o8 

8.15 

8.(9 

—004 

1.0 

7 -o 8 

Ri S 

8.14 

+0.01 

0.4 

6,31 

8.20 

8.(8 

+0.02 

I.I 

7.08 

S.15 

8.14 

+0.01 

[.[ 

7.08 

S.15 

8.14 

+0-01 



Summe rland 


3-4 

1585 

7-8o 

800 

—0.20 

3 5 

10.00 

8.00 

7-99 

+0.01 

2? 

10,00 

8.00 

8.03 

“ 0.03 

3 -r 

10.00 

S.oo 

8.01 

—0-01 

2.7 

10.00 

8.00 

8.03 

—003 

3-4 

8-91 

8.05 

* 8.00 

+ 0-05 

2.8 

10.00 

8.00 

8.02 

—0.02 

35 

10.00 

8.00 

8.04 

—O.04 

23 

10.00 

8.00 

8,06 

—0.06 

1.8 

10.00 

8.O0 

8.09 

"0,09 

2.4 

10.00 

8.00 

8,05 

—O.05 

24 

891 

8,05 

8.05 

+0.00 

24 

dpi 

S.05 

S.05 

+0.00 

2 5 

7-94 

8. io 

8.04 

+0.06 

2.3 

7-94 

8.10 

8.O4 

+006 

3 7 

11.22 

7 95 

797 

—0.02 

S.2 

11.22 

7-95 

7.88 

+0.0? 

43 

10-00 

8.00 

7-94 

+0.06 

4-3 

7-94 

8.10 

7-94 

+o.ifi 

4 ' 

7-94 

8.10 

7-95 

+O.IS 


Pt 

+ Huenefiie. 


84 

25.12 

7.60 

7 "i 

—0.11 

74 

23,39 

-os 

7-76 

—0,n 

7-2 

22.39 

7-65 

7-77 

“0.T2 

7-2 

T 775 

"75 

777 

—0.02 

73 

17-75 

7-75 

776 

—0.01 


R II y io» P H 

O. C. O-C 


Pt- I i uvilcmc, 


6.8 

1996 

7/0 

779 

-0.09 

6-7 

(i .22 

7-95 

7.80 

+ 0.15 

6.2 

(1.22 

795 

7-®3 

+0.12 

5-9 

' 5»5 

7R0 

784 

“O-O4 

fi.fi 

22 -J 9 

7-65 

779 

—0.14 

5-7 

15.(4 

7,82 

7.85 

—0-03 

6.1 

15.14 

7.82 

783 

—0-0*1 

59 

1413 

7 % 

7.84 

+0.01 

59 

14.13 

7-85 

7-84 

+0.01 

58 

1585 

7.80 

7-8s 

=005 

52 

12.59 

7.90 

7.88 

+0,02 

38 

11.22 

7-95 

70 

— Q.Ql 

56 

1775 

775 

7.86 

—0.11 

6.8 

28.(8 

755 

7-79 

— 0,24 

8.4 

14 13 

7-85 

7 - 7 i 

+ 0 J 4 

8.4 

11-22 

7-95 

7.71 

+ 0.24 

9.6 

28.18 

7-55 

765 

—0.10 

99 

25.12 

7.60 

7.63 

—0.03 

6.2 

25 12 

7.60 

7.83 

—023 

56 

15.85 

7.80 

7-86 

—0.06 

59 

2Rl8 

7-55 

“-84 

“0.29 

6.0 

(996 

770 

7-84 

—0.14 



Atgu^llo 


8.r 

22-39 

7.65 

7-72 

—0.07 

R .2 

1585 

7,80 

7-72 

+o.ok 

84 

19-96 

770 

7-71 

—O.DI 

8.4 

1775 

775 

7-71 

+- 0 .O 4 

99 

25.12 

7.60 

7-63 

—0.0.1 

99 

19.96 

770 

763 

+0.07 

10.6 

1775 

775 

7.60 

+ 0.15 

95 

1585 

7.80 

7.65 

+015 

95 

15.85 

7-80 

7-65 

-f-D.15. 

9.0 

28.18 

“■55 

7.68 

—0.13 

96 

25.12 

7-60 

765 

-0.05 


Tf eq nat ion (8) expressed in its genera 1 form 

kiR 

H = A + I\Rc (9) 

vvhere log J() e k j is speci fiet I a*i 0.0246, be snbstitnted into equa- 
tion (7), the analytic equi valent of equations (2) follows. Mak- 
ing this substitution, and also int rodite ing N-R r for t. ivhere 
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V = thc teiirperatune noTinal for the la.(itude, quatioii ("' 1 

frecomes 

(sr-it) 

r = kA + kKRrV 1 X s “ 

( NH ) 

= \ M 4. K|R ici x 3 '* = A, 4- y (m) 

Lo^y = lop Kj -f 0.0301 H -1- Ippf — 000.558 

= lojr C -f lotf R. 0 jCX >55 R (ct) 

where log C = Inp Kj -|- Q.ojDiX" is nearly constant sinc^ for 

,Tjny mnc mcmlli, >! vqrifs th^n O.f\ Ih-IwCCtI ihe H>UlJ]etlV 

most and nortlicmmnst positioil at which cnllcctiOTs wrc taken 
a tu E sin ce the slifft-renc-e in X ftmn mooth io tnonlh lafce-n 
accouut of iii Ilie seasonal correctkvti made bv ihe inethod nf 
succo sive aitproxii natio n,. Wlitricc 

r = A, + CR (cil 

Considerint? the rnethorl of pm-pa^ation, Let m — fiitmher 
i>f cells ii vi ii ^ ai llir time T, t F = numbfrr produ&od bv the limi: 

T }l \vbert r as- Mipnhilfd abovc fe^uatiaii “ L — T, IS ^insdl 

comparer) ivitli the time rcsjtiircrl for m&rkeri scasonal change in 
pmductioTi, u -■ m imber of genera tmn> betyiwn T a and T r 
Tlu-n. sines- tln- nirthoil e>f |>ropa^atinM i* tbat of ceil divi sium 

l T t -- Jm, n s-= s 
P t = 4m, n — i 
P 3 — fitw, II — J 

nr, iri General 

P=a*in <M) 

Hui ali of the cellt; prufluueil <lu not live. Assuming the 
u miif^r dvin^ e ac Is generati™ Eo Ite pmportinnal to tlie “p>pm 
latioti/’ jk n assumption whicli is jusi i fieri hy die logariih mic fre- 
qLi^-ncy csirvt (Migurc a), if d = <hr proportion clvat. dic, anrt 

L — llllflifrci 1 liVilljf a| tlie Ii Lilr 

r„ — iin (t-ilK n = i 
I #1 = pn f i-d l s , ±i = i 
h s = Sin (|-ri ) B , n = ■( 

or H in g^eneral 

L = m f j*iii r 1 (T 4 ) 


Froiri eqontmn (1 i 1 11 = r fT ? —T q ) = (T a —TA 
fA, + CR = _\ s + CJ^ i'o.t>S8t K . Substitntin^ tliis 
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equi valent for n and -— for L into equation (14) where 

v 

V — volume of phytoplankton at the time T, and v — tlie aver- 
age volume of one ceti, 

V — mv (2-2d) A 2 + c i R (0.988)«- (15) 

Since the expressiori (0.988)« — 0.881 when R = 10’ C. 
which exceeds by more than 3* C. the maximum value of R in 
the data here considered, an error of less than two per cent is 
introduced in by disregarding it. Whence, approximately, 
equation (15) is 

V — mv (2-2(1) + C t R 

Log V = log mv 4- A s log (2-2d) -J- C,R log (2-2d > (r6) 

which reduce tr> the forni of equations {2) tiainely: 

v = .v, rcyi» 

Log V = A, + C. R (17) 

where A a — log A', ~ log mv -f- A, log (2-2d). and Cj — log 
C' a — C, log (2-2(1), 

It is worthy of note that, in order to make up for the error 
introduced by negleeting tbe expressioti (0,988) R , the common 
ratio C' = must decrease with an increase in R, and this proves 
actually to be the case (Table V). Moreover, giveti a value Caof 
C'* corresponding to any particula r value Ra of R. any other 
value of Cj is readilv estimated, since, from equations (15) to 
f r/), Ca : : : T : (0,988) «a — c . Putting Ca — 1.32. its 

value in equations (2). and Ra = 4.18" C, the average reduction 
for the eighty eight observations upon which equations f2) are 
based, the estimated vaiues of the three common ratios given in 
table 5 ate: 1,356 against 1.34 for R — 2.044° C.: 1.314 against 
1*31 for R — 4.56*0.: and 1.296 against 130 for R — 5.61. 
This is a surprisingly close agreement. 

VOLUME OF PHYTOPLANKTON A MI THE DIATOM COUNT 

Throughout tiliis investigationi it has been implied that var¬ 
iatiori in the measured volume of phytoplankton was primarily 
consequent upon siniilar variation in nutnber of individuals of 
the prevailing species collected. The question naturally arises as 
to the extent to which this is true. In other words. what con- 
stituents of the phytoplankton are primarily responsible for the 
relation to upw-elling water? 
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Tllis i? ns;i an eafV »}uestk>n t-o ansuFtr, for the cr«ir> mine¬ 
rent in vohiiuetfic measurttiienls are lar^e and. in paci. duc » 
different tauses Inoni iliose inhcretu in coiinii‘i£ tt* indindusl 
tetls. On first thonplit H woultl setm AA tlvough tht mwisiirrd 
%Mlnr)U' were ilue merely to lltn^c s|ied(r-s, like •CfiaetoctTM < f w- 
phifpin, tliat (Io tiot |iacV wdl upoti ^elllin^i tltai th( ^reatei ik' 
utimher «f indi viduale oF such spscics tbe greater ille nitaefl»' 
volnme. Tliif, bfrwcwf, i-* Oiily partly true. For <tf 

tbe iliirtv^six eollcctkwis inrtde (turing Jutu* 1918, thc ^icrir 
werc idenlified and countert in sighteen, and tlie «efficient? oi 
correlation beLween (Ite iiteteliwl vftluine and numfcer oi «lis ^ 
ilie severi iimst prcralcnt species are given in tl>e FoMowtng 
list :* 

Ch&ft ifarOM 

rtWpfHlUflW .. + 0 .J 4 S 

dsiipwni ...—. j.O.ltW 

tru ^JttJti rer _-HM ^4 n - l0 J 

KriifliP n.——— 

p JULI... . -K .715 

ThdfoteiiVhrijc 

n hi .......... __ H-c.&ji 0 xm 

/rjflrflfrWii ...—.... -M-"S 1 a.O&“J 

iritFil ^uImh &.&J4 

1 ftiii L d in rv 1 Iriles . -j-0.15 i i O- C 45 

Ttiis IUt cIcnTodistiales severa! thinR*; Firsl, \hcTt Ii <10 
jpi urent eorrelation ltcttrcen total dmoftagellates and w^nrf, 
iir^l thf siiiH" fWi seems m liniri for eacli sj^ecles. althougii 

cn efficient* have nd Ipcvei f-oitipnte*f. Secanda ^ 
Tiicasured volimc iu>t rtine nrarely, vven primarii v + 
£'JnjrA i iriTr?j cno^PFVprpi and simila p flfwcies th^t ilo- aiot jiark 
well: Inr. i f sn 4 1 k>iv e^plain tlir fwt (liat tlie °f cnf ' 

rebtion larver for jfntijfu, .V kH 

jjrrrifp. atirt T. fmpifiijfrWii ali of whkti pack far laller thais 
£ J . {rippArhim? Third r and ittost important, thc CMflficiint p« fp 
lEiiniu^ (en uliv total diatonii: is larjjcr and mare si^tiitont tWu 
[hat pertaimn^ Ui ntiy the consdtuent s|>ecies. 1 Ins ' e ' 

itidkatc tli;it specie* liehave watft rcsintt E(p upwcSlitig > l ^ fr 
ici CTHieiiciaLly tlie saniT way ain) lliafi thc errors mvolved i n 
caiditng* ;nnE coiLntinp fcli^m lercicl tnj £-an^el 311 the tcital ; ^' r - ^ 
may bc L tlint. as sii^estest b) r llrnlnian, &coti and Le^is U? 1 ^- 

"In cflfinjMitini ihi- nf cotretai™ ihc e c f ^ 

voluirirs Hifici eouiils wc rc taken. The rrnsmi if-nr doinir w ■0® fl1inD : 
ih.^ Ing.ariElniK :lw ili^lribuled in aecorthnce wirh tbr rifl.nwiiin lar w 
errnr ■ ilic qw&iLtilicft file TlfiE. 
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p. 28), at times and places favorable to the growth and repro 
duction of diatoms in general, “it takes very little to give some 
stight advantage to one of the numerons competing forms, so 
that it is enabled to fbrge ahcad and for a short time, at least, 
far ontnumbcr ali the rest,” 

With respect to the sixteen collections made during July 
1917, however, the relation between the measured volume and 
the eounts is quite different. Reference to Tabi*? VII shoiys 
clearly enough that the relation between volume and tipwelling 
water holds with essentially the sanie degree of precision as 
during June 1918. Yet the coefficient of correlation between the 
total diatoms and volume is insignificant (+0.108 ± 0.158) 
although the species were identified and counted in each of the 
sixteen collections. Evidently this is due to error of some kind, 
and, since the greatest discrepancies have been verified by 
repeated counting, the error must be a manipulative one involved 
in making the collections* This is best recognized by comparison 
of hauls F42 and F93, the volume of the former being the great¬ 
est of ali sixteen collections, whereas the latter contains the 
greatest number of dtatom cells. The figures are: 


Haul Volume Cells 

F42 ....... 84 cc. 2,733,200 

F93 ..... 48 cc, 48,504,800 


The same inconsistency holds with respect to haul F52, con- 
taining the smallest number of diatom cells of the sixteen col¬ 
lections, and haul F84, containing the smallest volume. The 
figures are: 

Haul Volume Cells 

F52 ......... 15 cc. 1 94 * 95 ° 

F84 ..... Scc. 6,219,400 

Consulting the original “field" notes in search of an expla- 
nation, it is found that the phytoplanktou nets were new at the 
outset of the July 1917 trip, while they had been mucb used 
prior to the June 1918 trip. It is well known that such nets 
need to be “broken in"; that they catch best only after having 
become well “clogged" through repeated use. The reason is 
that nearly all species of phytoplankton are smaller, or only 
slightiy larger than the mesh of the net. Rearing this in mind, 
Table I shows that, of the four hauls listed a bove, F42 and F52 
were made on July I5th. and F84 and F93 on July i6th, F93 in 
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fact lidng Ilie last h&ulof ilte trip L Thk r l IsclSeve r explain* wbj 
F93 vbmitieU a gratcr numbcr of «Iis than cvpi flwu^i 
the lalter lianl was made when reductiori in temperature (*w 
Tabi e II nas greate^t ; and si ni lari ty with respcct to hauU FB4 

anc| F 52 

JLm Ik»w <niiczi 1^.- tLns w-ilIi +c l ojjjxirMic va nutum. in W- 
ume? EvuJpnily, rlie a.gtof tilcncl. «xplaining the larger 

coLints in t he liter iiaLils, hns had little efifecl upon the mcasured 
e; dume. Tite only rea*un [ ean e une ei ve is ihat the nieasured 
volume has W 11 diur inaiiily ut iliose- species wbosc edis utre 

^tffficieiitly large io Iu; eaptured readily in a tiew aa in aia oM 
net. and (Eiat iliey ivere IHtewise i>f sucti a nature as 
]wx>rly n|Nm svttli 11^ thetfdiy ]»erirtitt;ri^ the simaII cclh to fili l^v 
im-erhtices wuliuut materially altering the apparent yoIuhw 
OHvioush% i haciocvros crio^htlum metis these requiremenU bcl- 
trr than any uther *|*eiefr. Aceordingly, if this txplanation be 
torreet, ihe eorrelatbjn codfident hetweera llit meastired volume 
n iiil mu ulter nf Cime foderat triopfo Unat captu rei l during the July 
cnllcrtinns ^Eicmlil l*c lur^c L . Yiii* prove-s tmt, \hc e^flnficni 

lwiiii: +o.t]8s * 0.004. Further verificatiun is liari in the to 
e11 1 ChtitUH m cro^ \fccif*ti m rfj and .Viur/riu jvnWt?, lite smalkr vdh 
nf whieh are* reiiilily k 'n lIhyii^U the uf a n*-w nat while 

Elie largrr nm^ art tkK t_ give cucflFLcietits (+0.272 t 0.138 aii'l 
+O.io7 i <v 1 l" r<>]wrvhvely) intcnUedialc IxrKvcett that fer 
CfruJrhfftr^j. criitphilrtm and that for tlie toial diatonis. 

The nelatian of diatoni ccnint lo measured volnme dudnp 
tlae reinainin^ eompteK fc seerm lo falt betaceo 

1 fi:it foimd fnr Jiily icp 7 and Jtioe 191S. But, beeansc t Iu?" 

r-L'l 13E ic^ii l^pM-cn VOhuW r,|ll[ 3 upwellitlj* waltr is 

tl+ unrerlain SiiEU-maTiainj» the relatione Ejurin^ Intieand 
Jnly\ twri rondjsiofis of gencral si^nifieatice are sugi^csttd = 
Firsi, wlien cnllect^jitH Eirt iriaclc tmrler comparahle maniimld- 
liv-c CGitiiliiinns. as wns nnwl tiearly reiilii£t:il in June 19 iB, varia- 
tnjris n 1 voJijmc > if |iliy U J]»IunlcUii 1 , rn^asurctl by 'tlie selllinff 
rnethOfL are apprnxiniatcly pmtxMtiuiial to variatiotii in ihc 

riuiiiber L^f -diatoni cells taken a unit irrefpective of k-iml. 

Secand h wheti tlic sijre of tlie net enters as an imimrtant fuetor an 
nslloetiny, the viihnne, measured by tli« 'Oltlinij methoiL rq>rc- 
-iriirs more ;imirateh (Isats ihv emiiils, exceptin^ n i^rliaps, 
of CVwrtriTiw trivphilum -stul 'innkir specient the ai^nal rari a- 
1 ion in 1 1 1 l' cli^trilm En mi u-l liciti miis ffruii ]»l:u'r Eo plriff, 
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SUHMilRT AND CONCLUSIO X£ 

The nsmr important faets revtaled by (his jnveEdgatbn ar-c 

L-iLuiitiii riiri! as- followS; 

i T Bttwecn july 391 " and June IQlS and within a strip fif 
watcr cxtending approximate!)' eme hitndred twenty-five nanttial 
Tniles scaward irom Point Fennin N volume o( pbytop laniet on, coL- 
lected in verticat hauls from 200 meter 5 to The- surfece, when 
correct^d for the e-flfcct of senson, incrca&etl h an the av-crage, 
fTOTti a. minimum nearest shore to a maximum atnut swenty 
aniles ofi, and theu decreased with Jfurther increase in distante. 

3 P The surfate tenij^raiute, *iihuIuji6QusI) p otacrvtd at 
the places phyloplapkton vr-as colieetcil, tkcrtared qti Ihc aver- 
age, when carrected for the effect of se-ason, frorm a maximum 
ncarc-St slioie to a minimum about seventy miles off p and ther 
increased ffith further iritreasc in «ISsUnce. 

j. The coefRcicnt of correpat ion beUvceu temperatore and 
volui ne of phy topia iik io n, each conectcd for the eff e-ct of &ea 5 on P 
i—04556 ±o.o.J3h or> when ea.ch is also corrected ro a con¬ 
stant distanccp —0.2597 ±= 0 . 042 . 

From fcliese facts> to^ethtr witb whai is knuwn Of the duw 
of ivater upwdling along the coast between Point Conceptior 
and Pomt Ferrmn h &nd o#¥ 1 lic Chatitie! Iilands, and it_s effect 
in redneing the surface temperature, it is cuneliulert that an 
incrcase in amount of iipwelled water leads to an 3 11 crea m in 
cpiantity of pliytoflatikion, a conelitsion that -is ^ipported and 
ampli fied \iy the ftifthrr facts: 

4. Duririg the suminer months. July and Angtist 39 ^ 7 « *md 
May and June ifjiB—dhe seraon of mashnum upwellirig—the 
coefptsent o( eorrelation betweeti volume of phytopUnklon an-tl 
temperature h — 0.602 ± 0 . 036 ; ivliile riuring the linter month*, 
November 1937* an-d Jfttinftry, Frtniarjp and Jfarch. 191$—tfi* 
seAMfli of minimi™ upwdling—the coefScient h — 0.215 ± 0 . 063 . 

5. During the smunier month& f volume of pJiytoplanktou 

inxzr-ea^tt apprc^ii^ately iii gw^mdrie as wlitction iu 

temperature btlotv fhnt nnnnal for the Latitude iiicreascd in nrirh- 
metic progression. 

6 . For ari iTiere^Sc £>f cVUC dc£roc iri tii:mpcr?ihiTC i l cdtiCtioti 
lietween 0.5* C, and 6,3* C. P voliirie of pliytoplankton incrcascd, 
<pti the average, betxvMn i.j aml 1.4 tinie^: iliis i?, true wirb 
res^iect Lo thtr dat?, for Jtily 1917, for June icjiS. for August 1917 

May 1 g ES combinecl» mid Inr the four monilis, romhined; 
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and abo in ibis la^-i i iLttaiBGc ftar range^ in iciii^-rr-Liiirt reductum 

ol o_5* C — 3,2* C, 3-S P C. — 5.1* c. p anJ 5^ C. - 6,j a C-, 
separate ly ronsidenecL 

7. On iltc of ci|;hty-eight observatiunt, iht reduc*™ 

in tcniptrature i-j computci! fmvi live ralumt af phvtuplaiiltfnn 

rtffortirf t>' it n-rf futui iv illini a pryfoaMe eJTOT ul 1.5* C. 

H- h r^jiti .103 icriuation e*prc--ni]_r the- theoreticai rcliiton 
Ijctwccii rase of photosynthesit, liyrLrogen-ioii coficentratinik uf 
ibe vvater, -arui temperature of clic w:iter P and an e-itipsTicnl one, 

baseri on ob^nathn*; rnade dnrinjr Jtily 1919, expre^inp the 
relati! rm U-tivt^-n bydrojfen-mn comcentration and teEiipetature 
reductior, tho furni of egtiatioti rrUting veriume of phyt<kplaiflkjbon 
to ihe temperature rednctkti is deducud and fon-nd 

w i 1 1 L t h:L t :l ^rf ti lIHi I £ti i |ji f ical l y, 

9, Oti >hc sanie basi? ii 3" deduc cd sliat the rnapntudr oi 
die ooeflficieut ■deiwtmjf the increase in voluane of phytoplankhsn 
Inr an iiurrea^e nf orte ilc^ree in temperature reduttion fnien- 
tioiaed under 6 )> sliouUI v&tj iiiversely wixh the nia-£iiitude oi the 
tcrnpcmuiru reduc tion p and this proves true (Table V). More- 
^ver, ( 3 ic lna^nitiide of tFiree coefficiecita a Tt- <& 4 imat€d frum a 
faurth 'vtK 1 wiiliin a maximum error ni i- 5 %~ 

Thest facl^ stmngly suggeri a law of relati onship hel^M* 
-nnonoiE nf uiuidlin^ water and the -or^anic fcrlil.ity ivf tlie 
in an iipwtlli.11^ remori. Jlany more da ia are iHxdcd, henvever, 
in -orrler to u_->l iis yalidity, Esjiccirily is the necd 

apparent luit nnlv «f further *tudy of Ilie ditfriburion of pliyto- 
planktofi durin^ cacti monili uf the yc-ar^ hut of an intcndvc 
in vestigat[011 n-f the horiEontql and vertieal distributiori of the 
]iy<ln i^un-iiiii cuiicenlralimi of |ln; water. 
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SOLUTIO N Ot EQU ATIO 

In isoiating the effect upon volume of phytoplankton of 
those influences associat cd vvith distance from the coast from 
those associated with se&son, the rnethod of successive appnnti- 
mation, described by McEwen and Michael {1919, p, 100) for 
the case when variability within the group is neglected, is used. 
Designating by A, B, C, D, E, F, G f and H, the logarithmic 
means for Jfuly, August, November, January, February, March. 
May, and June, each corrected to a constant distance (467 miles 
from Pt. Fermin) ; and by I, ], K, L, M, and N, the logarithmic 
means for the first, second, third, fourth, fifth and sixth distance 
groups given in Table III, each corrected to May 1918, the fol- 
lowing equations, similar to (7) To (15), in the above paper are 
derived: 


1 

A = 1.4164—tJi+;+2/+swi-j-jwi u?) 

iG 

1 

fi = 0 . 6714 —(19) 
! 3 

I 

C — 0..1644—(4 i+ 4/-|-5/+6 iji-}-Jij> 

26 

r 

I) — o, ruo 4 — < 4 H- ,t/4 ■ G/46 m > 1 - 1 ^ 

31 

1 

E — 0.1774—(4144/4-5/) 

U 

i 

r - 0.8844—<4/44/44n w' 

16 

1 

€ — 1.2 $4—/4/44/44/46;« \ (54' 

2J 

I 

tl — 0 04S4—/4/+a/+W4-6m4>J»l (J?' 

r 

/ — °./M + — (^r+7^44c44rf+4c44/44/^ 

34 


Digitizetf by 


Google 


Qriginal from 

HARVARD UNIVERSiTY 



{Vuti-xTa i n To EM 

i 

i= °sSJ9+ l*+4M-.|r-f •.*H-.V+4l r +a*) (l?) 

34 

E 

k = 0 . 736 +—< Ju 4 afr+ (. 30 ) 

J 1 

I 

4 = (Ja«rH-W+af+tfH-(ft) Ci») 

Ji 

.U — d- 7 -^ 4 —t J' , +6r+WH-fth i f jc} 

j 

■ v = ftp«H—( jnH-jf+firf+iaAl f J1) 

2J 


^'tarc-i-—A"—/. f £,, cl*. a» ilHincid h^ : McEwtn Rrrd Jf ictiael 

u 9 r 9 i f 3 W. 

Snlrtiotl tffiftlKxfe givc-s 

i = 1 ,nt — o 6 riFi & c = <uj?. = u.o- 13 , H — [>. 500 , r =5 d.^j. 

Cj = E JUI. /* = 1 EMB5. / = i.nhj,. /=-11“. A." - I.JlZL i = i.jjlti. 
-V “ lijl. arui A' — a.zsfi; whklk :irp fnrr«t ly Otlt 'm tlac i hi e 1 *! ik<i- 
mjl. The jnitil^nt3ims of A Ire i/ are tlie ^erannirL-e means for tlac 
r^lfrctivc mr-nlti^ cprnrctid in ii cm^lismt dfctaincf fremi thr ccart, aii4 
rlit&k- rtf J u> _ 1 Y sire tfit «rciimlrtc mt , DiTi> for the rr^dive di-siiitlff 
gnouiu e^rwipfl for tffwi tvi Hi-asEm fs*t Tahl* 1VT 

Ibi ma_Tcirij^- |hc currcviion -foT temperatur* tlic cqua- 
twns (18 io j[> art «sed except that A h P h C, ele., ctesijjn-at* tlw 
cwperted temperature averaire* instcad of the carrected toga- 
ritlmik naeam af the ■v&ltinifcs, sml that the cri^mal logarithniic 
means ( 1 . 416 . ofijt r ctt ] are replaterl b> the origiiiial tempera- 
(iiTf av^rages. The equations so aU-erwl m^ether ivith tli« final 
vi Ili c*. corree t to O.oTC are 

i 

-J = —<h'+H-*H-jm+j?f) = ir.iu"C- c.u> 

16 


= i»» 5 +—<ri+ 4 /> = ir-^c. 

11 


C = l".>H-(4«+4/+5J4^IH+ i = IJ ^ ' ' 17 «*c. 4V|J 


I 

L 

[ 
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I 

P = 15,17-}—- (4*4-3; +&-j-6n) = i5-i2“C. Ui) 

31 

1 

E ~ 13.92-1—(41+4J+2/) = 13.10’C. (36I 

13 

j 

F = 14.464—(4i+4j'+4i) = 13.92'C <rl 

16 

c — i 4 .88+A 4 t+4J+4/-H>»«> = m63°C. 081 

n 

t 

H = 16.94H—(41+2^4-8/-}-6jh- f-r 2 h ) = i7.02°C. ( 39 ' 

36 

I 

/ 17,44-}-( 3 tI +/b+ 4 ( ‘+ 4 * ; (+ 4 c+ 4 /+ 4 A) 1 i6.2I*C. ( 4 ®.- 1 

34 

1 

} =» 1691-I—(d+ 4 6+ 4 (-+3J+4^+4^+2(;) ™ l6.o6*C, . < 4 ^ 

26 

I 

K = T5-5S-I—(2fl“t-2&+5t+6d+3i-+4/+4*0 = 14.64'C. 

31 

l = - i3.e 5 °c. Ui) 

31 

I 

M — 15.67+—(50+6r+6rf+6/i) = i 4 .i4*C, (44' 

29 

1 

N = 16.30+—(3ti+2c+6rf+i2h) — 14,39’C, (45I 

23 


In applying the slope method to determine the form of f<] ua ‘ 
tion relatmg volume of phytoplankton to reduction in tempera- 
ture the process followed is precisely the same as that describet 
by McEwen and Michael ( 1919 ) on page m. and illmtrated 
011 page 125. Designating by A, B, C, and D f the logarithmic 
means for the rnonths of July atid August 1917 . atid May and 
June 1918 , by E, F, and G the logarithmic means for the threr 
temperature reduction groups, and by Se. Sf. and Sc the slopes- 
pertaining to each of the three reduction groups, equations atiai- 
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agona to (i 18I to (123) of McEwen and MictlaeTs (1919) 
yfl.]>er are ilerived. Thsse «quatio** *re: 


J — 1 . 4 16 ] + 0 . ] iffl +€. 5625 , 1 — 

t S E (—o.oSd 6 Ji +Sp (— 0 . 01 gi) + Sg (-f o-°5“?5 ) J * 

■B—cj .6711 +-ft 5 J 85 /+o. isjKk— 

IS£< ^ 0 . 095 - 7 ) +Sp(— 0 . 0 . 1*6 M ( 47 ) 

fT— 1 n .a3to+€.4J4*f+0.4jj8lf— 

tS^< +Sp (— 0 * 437 ') +Sq( +d.#t-jo) ] faB) 

[Se<—p.«*i^>+S jfl+ooToO+SoC—I ( 49 > 

a=^G.7T. 7I-hftC74E«'+*? i 533*-|-“- s 9 & J^ (5») 

f“l . 06334 - 0 ,J 7 @fw+o. E4^ +□■ 571 4* <50 

: .jqGS 4 -fl.a? 373 +D.c 6 o 6 i ( 53 ) 

M-h^tc r=F—E, g— F —<? p <r—C—d P ifr—C—ft JP4 £J, 

Uut S]^, Sf, and S^j may bc cxprcascd Ln Lemis ol £■ and jf. That is 

< 5 $) 

SfTTMITK—0.&7B» (54) 

£e^—ft-HJDf— E.53^% (55) 

vhf nce cquitions (463 lo (4Q) reduce lo 

MaG i +g, 3 85.SrH~G.64 llfr (56) 

11 +p.3^r— 0 .( 57 ) 
C— 1 .sjSo+a.^/jf -|-*MS E 4ftS < 5 ? J 

D = c , wP+aJfiite-HU?s?f ( 5 G) 


SeEution o£ cquialions [ 50 j 10 < 515J nivei t]ie rdlcnvins viluei, «jrrect 
tk ihird dnnrod: k —-o.7S6- 1.3.] 9, W--1a.gffi. /J^IjCjICi. 

^■.jift < 7 =L«i h S£=^o,ii 75 i Jj^biiSi,, and ;Sg“*Ulii4z. The aiuilo- 

fiifi-lhffl* of E, P h and C7 are tbe mrrtclc-d vclumc-s. and those df 

tfw cetram rattett gireil in TaMs V", The valut vi S~ in, cqua- 
iLofiH (5) jfid <6) is equi^al-mt te C^A=i\= —o.njpti far JuIjf igi?. 
^—if—£—053J fw AtlflUiS 1:917, and C—£?=d=o^jB for June 1918. 
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MISCELLANEOUS PAPERS ON 
OCEANOGRAPHY 

THE SCIENCE OF OCEAXOGRAPHY 
L»v Georoe F. McEwen 

1NTRODUCTION 

Owing to the eomparatively reeent development of the 
science of oceanography, arui to the more or less vagite and con- 
flicting ideas as to its nature and scope, it seems desirable to 
attcmpt to define and explain bricflv this extensive fieM. Also, 
iit keeping with the series of papers to follow, atteiition will be 
called especially to tlie physical oceanography of ocean water 
masses. 

The word “ocean” denotes the great connected sheet of 
water. whieh covers niost of tlie earth's surface. Oceanography 
is the Science whieh would deal exhaustively with the ocean, 
and is, therefore a large and important part of the essentially 
synthetic Science of geography. whose subject matter is, for con- 
venience, divtded into the three geospheres, the atmosphere, the 
lithosphere (hard rocky crttst of tlie eartli), and finally the 
hydrospheres, whieh include ali of the water, both on the earth s 
surface and in the atmospbere, The ocean is accordingly less 
than the hydrosphere. 

The terni Thalassography. originali}' «sed by the Ancient 
Greeks to denote the descripticm of the Mediterranean, ca«'e to 
be applied to ali oeeamc iuvestigations. However, in 1880. 
heforc usage of the okl word, with this widened meaning, 
fiecame cstablished, the more appropriate term. oceanography, 
was introduced by Sir John Murray, and has since come to !>e 
the generally accepted nanie for the Science of the sea. The 
limiting expression, physica! oceanograpliy, is 11 sed when the 
life of the ocean is excluded from considerat ion, the expresston, 
biologica! oceanography denotes the Science of the life of the 
sea, wliile the nmnodihed term, oceanography, includes both of 
tlie above expressions. 

The term hydrograpliy. altliough having some currency as 
a substitute for physical oceanography, includes nuich tliat is not 
comprehendcd by the latter expressio», and ouglit to be reserved 
for certaiti engineertng operntions, ospecially iliose pertaining to 
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rivcrs atid harbour^, and to nautica! surveyirisg. carricd wi for thf 
purposc of makmgj charts and tabies to be used in navigat ion 

FEnally, as in the Science of geography, iwo type*, generat 
and special oceanography clisitEngujsiiedj aei^irrltrijj to ihc 
uirthod of itivestigation, ur cbjcct in view, (^ncnl ttceano^ 
j&phy de&b wLlhi phcramen-a c^mumn to the ocran as a wtalt. 
TLvJtile spec i a] oceano^raphy deals with individual characteri slics 
e>f any portkm of any one of the oceans. 

DIVISIO NS Of OCiANODRArtiY 

Tbe Science of ixeattflgr&phy will ruow be more fulfy driincd. 
hi \hi; yrggiTiic worldp the distincti ve phcn^men* fo IW 

from stimuli, wills and mo lives* thus gi-vi-ng rise to an extraordi- 
nary ccmplexity of the celat and involvang propeTtks dif- 
aVPrnt or iti additian to tha^e of ILfeitas ma(ter and «nergv 
with which the physkist and tfieinbt rieal- For this reawfl a 
cn-mpiete physica.1 explanation of organic phcrLomena i&, t* Siy 
the lea&E, a Long vvay in the future, and it is admitted th^l, for 
the tiirt^ tieinfr the immediate connections can not be discerned 
Oiganic phenontena cati at present be oiily rernotely coropie- 
Jiended from fh* s-t&udp?int of phy.dcal causfttion, ^.nd thcir 
uxplanation and interprelation mu st in volte the ideas of adapta- 
lioji and puipose, On the other haud, mvestigafrtons of carth 
phciion le-tia, e sci usi ve of life, are relati vety more s-imple itul 

i mine anicnahlt- to fundamentali causa i t re attinent from thr statid- 
pn-inf t»f phy^itri and cbetriistty. It 1 $ thus natural, and conc¬ 
ilient lo dea.] reparately with the animate and inanimate workhi 
11 lustrale <1 by sudi davisi&ris. of Science as botariy, DOobgj* 
and amlimpolnsy. on lIm one liand, and g&ology, geophysics and 

..iy ctri tlic utlicr. Howevtr, froin cenain points of vi^. 

Hie <!<N^i»icEi! ivnc. fur example. inter relationis "betwrcrt the iwo 
pnoviuccs are cunsidcml, and siich i n vestigat it ms of the Hiiiml' 
u-orl<l are necc L s>arily dependent upnn results of certa in -inve^ti- 
Mutis iu the innninUte world. Moneover, the mechods of dcal- 
in [4 wiiJi the 1-ittcx liare a ^srong tnAucnce on imethods in biolo^ - . 

1 Siol^ical oceariojjraphy. 1 or the expressiori, irii- 

rinc biulo^y. is tbic Science wliich aims to deal exhaustively wilh 

1 i ^ pii-Pii lo i lio hiological part ttf occa nqgra phy in the 

fihl Imu iiipi jtttpvV : 

IL Oc:e:Liif 5 Kr:i[Flij- ^nd tlic Eca■ Fislic^i ^^. 11 Pmidenlial iddttiS dflivtrri 
.n; 11 hc C :i-1 1 inu- 4 -itii^ r>f the liriEish A ^■nciation On Anipua^ 24- l>>W. t) 
UlIliiLm A. HfTdltl^ini Fr^fr^^r ^ Ocranograplij' in Itie LTnhc-rsity tti 
Lpvcrp^oL. X^iirc. Vol. 105, No. AvfiUil 2$, c?»- 
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life as it manifests itself in the sea, It involves more than a 
list of the species of all the animals and plants of the sea, 
togetlier with a description of each. That is, marine biology is 
not merely morphologica! and taxonomic. Life histories, phe- 
rtomena of reproduction, feedlng habits, migrations, associations, 
abundance, and relations to environmental factors are funda- 
niental in this science, The field method of mvestigation, in 
which control over conditions is much limited, or practically 
impossiblc, is dominant in biological oceanography. Marine 
biology as i 11 u st rate d by biological in vestigat ion 5 most culti- 
vated at the Scripps Institution, especially during the last fifteen 
years, is thus distinguished from genera! biology, even though 
marine organisms be used as material for the experimems. For 
example, a good deal of laboratory work has been done on niar- 
ine organisms in connection with some special biological inquiry. 
such as phenomena of the nervous system, reproduction or reac- 
tions to stimuli, But this is not biological oceanography, 
although results of such experiments may be of value in intcr- 
preting field data, Accordingly certain results of physical ocean¬ 
ography are necessary in truly marine biological investigations. 
In fact, physical oceanography owes much of its progress to 
the needs of marine biology. 

The science of physical oceanography may, for convenience 
be divided itito three subdivisionUnder tbe first head are 
included topographical featurcs, the depth, tbe magnitude and 
volume of the ocean basins, the cross-section areas at different 
depths, and the form of the bottom, or snbmarine relief. The 
incentive to much of the pioneer work in submarine relief was 
the tiecessity of obtaining an accurate knowledge of bottom 
topography, in order to lay ocean telegraph cables. And the 
possibility of attaining the requisite accuracy (a depth error 
less than 5 fathoms) in deep-sea sounding is due to the inven- 
tipn, in 1854, of a sounding device in whjch the weight is 
detached when striking the bottom. 

The second di vision dea Is with the nature of the bottom, the 
bottom sediments, their amount, kind, distrihution, physical and 
Chemical properties, and origin or source. There is a close 
inter-relation between this second subdivision and certain aspects 
of marine biology. since the sediments are made up, in part of 
enormous quantities of the remains of marine organisms. 
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Tbac tliarrl and la^t siiVdi Vision deais v ith the phv^cal 4 rM 
chcmkal properties of sca-wotcr h and witii the phrsies atul 
choanis Iry of tlie water iiias^s in the oc^an, that is, wjtL pliyd- 
ral and tficmical pheivomena as they t&fcc place on a large f*ralt 
lii nature. The development of this third divis ion, esyeciEdh' 
iv ith retpeei to ¥urface phenoniena» L* due, in a great mwiiK. 
Ei> tliv ficetis of navigition, and the interesi and c&hpnaiic 131 oi 
navigato! 1 *, 

Wliilc Eil I of thepe ss|>ccin] prOvirtces of physkal occino^' 
pliy are: inckpendent in certain domi nant featnre^ the>' art mone 
4>r le** rdated Isi: other res[)*cl^ As llie tu vestigation of any wc 
proceeiK tr* c.vhaiistiveness, the data and mntlnsioiijt of dic 
other* Miust be increasirgly dia^n upon. iri ma^g °l J ^ r - 

vatioii^. and in interpretiite and coordinating tiiem* it neor^ 
'iiry io rall in Hic aEd «f variatis oili-er Sciences, 

meteorok)tf>\ physies. ■arui clteinislry. Thus, phvsical 

LicearKhgraphy essentiaUy a synthetic Science. and as appfittl 10 
iMptati waico i reludes, acturae meartirvtiient, 

imi Ilie ocean H of Hic physica! and chcmical nro-perdes ftf <■** 
w ater, sue!] a* its temperatnire. inotion, salinity. ccmtpi^ 
aml aciithy, and second, the preci se formula! ion of 
sugge&ted by tliet* data and the eorrespoiuliri^ nieterruloffit^ 
and fiNtmnnmica.] riAta. ivith a view to endrelinatin^ and iut* ,c ' 
jjrrlinp: dic direct objecti ve knoivled^e. and thereby dtsrtverrfjf 
gviiera.! latvs oF tlifc plieiioniena of the sea. i ioivcver. 
pliysfc*» nf wliidi pEiysical occartoj^rapliy is a |>art 4 is n 1 - 1 * 1 
ni ire bokli-pulcli oF ccTtaiti portibus of phy sic s. chemistry. nl^th- 
t-insLiicK» v\c. Tlirtilijeci of gieophysfcs h to rtetenntue ^ 
stantlpt)im -?f (liLfC scientes ttle hasic phenomena of tlic f<ar1 " L 
ihnui^ho-Lit its u-lifil-^ cMtttt. ne^srded as an orejanic ^'holc- 
ivIuwc jrnux^ws lakr place in accordaiKe witfi peneril lan ^ 

OtCANiiKlR.^rja V, t \fi TO f3CK.\N W .ITI^K 

Idv-es-ti^ation-; retalivc k> ihc -ci^iiu n-atcrs fad into ^ lPp: 
distinet clades: liLlforahiry (^jictiinems ci^Tuliicted un ssmi^ c “' 
Hif s4?a-waU-r U r ilie puT|5rne of detenniniiig tEieir jpliyJcal ^ 
dicinical |:hijm. nie*; ■ iii^n^liim* and collectimis muih- at ^ 

fnr the purposc of cJjta Liiing a iU-scrLjplimi csf tfie |>tiy>iC^I 

chfiiiiral condi ihms of e Iu- and hually theor^tical studia 

kn^d eui snch s‘lijeclivt hntnvltd^e, and ma-de wiili 3 vif w w 
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coordinating and jnterpreting oceanic phenomena. These three 
classes will now be considered in the order mentioned, 

Laboratory experiments made on numerous samples of sea 
water ha ve demonstra ted that thc water of the ocean is a mix¬ 
ture of dilute solutioris of various salts, whose proportions 
remain nearlv constant, even though the absolute mass of salts 
per kilogram of water (called the salitiity) varies cotis iderably. 
Detailed and carefiilly conducted measurements of the various 
physica! and Chemical properttes of sea water, resulting in a list 
of constants, tables and formulae giving the numerical relation 
between different properties, while essentia!, hoth for observa- 
tional and theoretical oceauic i n vestigat ion s, are but aids to tbe 
main purpose of obtaining a knowledge of the ocean. 

Among the physica! properttes and interrelations tliat are 
of most importance, and tliat have beeu most carefully worked 
out are: first. the relation of spccific gravity to temperatures, 
salinity and pressure; second, specific heat, freezing point, boil- 
ing point ,and third, vapour pressure, surface tension, viscos ity, 
heat and electrical conductivity, transmission of solar radiation, 
refracti ve index, and their relation to salinity, and temperature. 

Among the important Chemical investigations of samples of 
sea-water are: determinat i ou of the elements and their amounts, 
composition of oceanic salts and their proportions, the salinity 
or absolute mass of dissolved solids per kilogram of sea-watcr, 
the relation of salinity and temperature to osmotic pressure, and 
the solubility of various gases, especially nitrogeii, oxygeii, and 
carbon dioxide. 

In additio n to descrlbing sea-water and its beliavior as a 
sitbstancc. by means of physical and Chemical constant», and 
quantitati ve relations between its various properttes, physicists 
and chemists have made important advances in devising practi- 
cable methods of making observations, both in tlie field and on 
samples collected for the purpose of obtaining the distributiori, 
in the sea, of temperature. salinity, gas content, acidity, etc. 
The interrelations between various properties, such as specific 
gravity to temperature and salinity, clcctrtcal conductivity to 
salinjty and temperature, and tlle acidity to hydrogeu ion con- 
centration have bcen of fmulam ental importance in this connec- 
tiou. Also various mechauical applianccs devised for measuring 
deptlis, currents, tides, and waves. and for collectitig samples 
have contributed greatly to tlie precision of field work. 
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Pan-Pacific Sciuhtific Confehience 


Witli the exueption of ihe plienoniena o-f motion whuh are 

ronsidercd Uttr. the mo*t importat thing* that are aitcsnyitf, 

in inakin.g fi.eld cAserva^ions relative E-o the- water are; detemu- 
riation of tbe distributiori throiiglioul the occan of tempeTaluie, 
^aljnity, coiie^iu, aiui aciiiity. Coni pii at ion s &f a sufficient 
Tiuvnher of sueli observations pTGpcrly distributol iri spatt mi 
tinisr indicate tlic relation of such magnituck to latitudc. i li^tantf 
from die eoasL and depth. Also, seasonal and diurria I 
Iwtli horizontaI and vertical gradimt^ and norma I or tneaja a on- 
rlit ion? alwnit whiell ilii' valuts fluctuate. are dum iletenrnned. 

The pliGHoriicna ut rn^tioTi conscit nte a. Lar^e 3.11 d importuni 
brancli of physical oceanography and umy lic conside red under 
fi?ur heailj: tides, wam» tlie g^ntral ocwik circu^^n. ^ 
(Ius alteriuting ti uri ion of anuli waier masses, due in part to 
rarisLiimm i ei dramicy 3,1111 rcstiHing in a ait icture of waltr ni3*«* 
of different pnoiHTtles. 

The ti des, ftfring in pari. tc > their great and early recogiiiHd 
importa flCC iri IIR vigiliori, and in parf to [lio grvaf interat &i l l ie 
eorr^pondinu co^ni i cal problems iu the cretica] mediant l 1- *-. hsve 
bren ^Ktensiyely inYcstigatad. Coni i nno lis measurenioits uf the 
lieigEit of the (hJe «ccompaiiied by witid observat ion* are- rfiwk: 
ai a iiuiiiber of carefully xlectol stat ion* thruugliotit the civi!- 
3ke' i I wcjrltl, as a part ijf the wmrk of hydr-ugraphic and* crcast 
Mirvry dqMTtnicntt of vario us gQvernments. These continuans 
measurenent* and observa tfons are supplemerned by vnimerous 
fragmentary data from many other places;. Also a. begimiing has 
becn made 10 w anL the rtgular tiKasurtmeiu of corrcspc^diitg 

fiirffllK fur ille |M]riMmc i&F 1 «htn nnri" flte fdltlOM of tulfil C<J.T- 

rml '1 tu hdghls of tbe tirle. 

Mtlioiiprli waves are. in peneral, tlie mo-st faitnliar a.nd 
ohvbns of the plienomena of oceanic nioiion.ilityha.ve rereiiffd 
neUher a? tMendve ni?r, an a nile, as ea re n l 3 atteriitor a-n hP vr 
liiUs, Uany Ptp&rts ptrtaiiiin^ io dittteti^wnb of ^aves are ba^l 
on mere ^ut^^vork. and the re is ei cotisLderahk di versitj af 
opinio n as to dici r ^ize. 3 Fowever^ minieroi» trustworthy ob«^ 
vatkiTis witli the nnaided eye liaee been made bj certain indi- 
vidtials. anrl p^rcater precision lias, iit late ycara, remlled irom 

tiio nic 0 f i r arinus iiuirumenial aitU, At wa, atieoHon ^ 
rlirectfil inainh' to heij^Eit, iviig^li* vdocity» and periodi |lcar 
diore addttional o!werva.ihMis are made on eh-eir ^hange of fom 
as the <h-pili [lccreH^cs. and on iheir transponing aml 
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power. Measurements of the impact of waves on a vertical 
plane have also been made as ati aid to engineers in designing 
certain structures. 

In addition to these visible waves, inodern investigat ion s 
have revealed the presence of “internal” or “boundary'’ waves 
which are formed at times when a relatively light layer of water 
is sharply separated from denser water underneath. Although 
such waves, formed at the boundary of two water layers have 
much greater dimensions than at the surface, they disturb the 
surface but little if any. 

Although the flow of water in ocean currents is rarely so 
evident to the eye of the casual observer, as are tide or wave 
rr.otion, this phenomenon of general circulation is just as char- 
acteristic, and according to the accumulated evidence, takes place 
on a vast scaie comparable in magnitude to the ocean itself. 
Ohservations without instrumental aid can in general reveal but 
little Information concerning ocean surface currents, and noth- 
ing about subsurface currents. Direct observations of currents 
with the aid of floats or current meters require conditions rarely 
met with on the bigh seas. For observations, even on surface 
currents, we are largely dependent on indirect means, for exam- 
ple, such mechanical ones as drift bottles or drifters set adrift at 
known positions, and times, an<l the departure of ships from 
their apparent courses. Current observations are, in general, far 
from being as precise as observations of other physical phe- 
nomena of the ocean w^ater, and the most accurate current obser- 
vaticms have been made in shallow inshore waters, or in rare 
instances from especially equipped ships at anchor in deeper 
wa‘ers, From the standpoint of field observations, there is 
doubtiess no branch of physical oceanography in greater need of 
improvement than that dealing with circulation, 

However precise and complete oceanic observations may be, 
merely making and compiling them is but the first step in the 
investigat ion of the ocean. The full return from such efforts 
can come only from attempting to coordinate and interpret the 
objecti ve knowledge, This object demands the definite formula- 
tion and solution of numerous and varied special problenis stig- 
gested by the ocean and other cosmical data with a view to dis- 
covering causal relationships between the various phenomcna 
and showing their harmonv with general principies already 
cstablished by investigations in other fields. fty thus obtaining 
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*i srrics of drfirni^ and prov^d rclatiotis, r^lalioti invulving 

iwo or more i>T>e^ cd piiysical *>r chemkal magiritudes, and by a 
^yn thesis x>f livere ekmetltary rcsuUs w« appraacb the Ldeid ^ a 
sL-iithi fif gtfiitral laws of the ha*eJ on objectLvc knawled^e. 
riinl atlci[tm[c for dettrihin^ tlic maiiy diverse phenoniena iu 
lerms o-f relati vcly few and sini|>te fumlacncntal on^s, Also 
laborato ry experimenti vnth Lite aid of simii badie & of u-aier 
have contrihuted toward an nnrierstandrag of varians wem |nhe- 
ncuiieiia- For example. by enoling ocrtain portione of a tank of 
qratiT and warming od'er portkwis, a rtefinjtt typi <A wnraiiw 
drculition if> set iip. and tlie wlwk pAenoanena of tem|ieratnfe 
distributiori and flow can bc observed iti detaiL VVith addiiwrol 
n|<iEprm:iit dic effiet an the circulatio» of ohs-tractions- or air 
ctirrcnts cati al*j lie ol^er-vcd, Agaiia, in certain instaitc« h mtibII 
iniulels o i lakrn, seas and harbours have been coustructed 
nrdcr io stutly the particular titia 1 oscil lati otis Or seidies occiai- 
rriijj in the larver bo-dies of water. In these cases tbe prltiopl* 
of H 'dynamic siniilirity" 1 rausi be used in aii accunte quantitative 
cumpa risui of ttsg muib-h with rhg corrcaponditig larger b?dk*v 

■Oirin^ to variasi* practkat diflicultic^ of making tfrect 
olj^etvftErrTti;^ Current nieasitifCiilchts for tXJUltplfc, even |h-£ nTd 
task ai (letentliiiiTijr physica] and Chemical magmtudes pertaiir 
infl - tt> t!ic ocean bccomes inore le-asible. and can be more icOtr- 
alely and completely exeetited. wil.li tlie akl of cantal relatimi- 
sfiigi-s IhL^vi/esi i ]i l' j^lienoitiena, tban ■* pos^tble if <m]y dirt^t 
dei ermimit iniis arc atlrinpted. Thus the objecti ve and tltrorttic^l 
n^H-L-ts of «iirvAiiir itiv^iigftttoTip ans mutually dcpen^lenl; avail- 
nbk j olwiTvatMMN rciider po^sible »imd tlieoretic&3 devel^unciil 4 - 
Mdiklv. in tnn'. wrve indircctly to increase mir knowled^e cv^ 11 
ci i prn iCL-s^t^ not adnntttii^ of satt^faciory dtreet observat ioni. 

In ordt-r in ^Kplaiit nmre fully the field o( pliysical ^icean- 
t^Tapliy -.i 11 appli^il |o ficcan ■waters* an si to illustrate sjim 
tbc utncral sl;itniiimt^ pertuiniiig the^retical side, attentiwi 

uill m\\ hecalh-d iri fi munirer of ^prfial ptxjblcnis and ijut-siio 11 ^ 

E’irsi an-uiii" «[iii-stion* (Fiat arL^e in cnnneciion wi|h thr 
snbjtvt of ^vavfs. are tlie follnwinjT: Wliat hrifln of vrave^ 

m pII n Hdnrt of Kfiveii velwity proiliKe? Wi Lh wlat velocii^ ^ 
waves Itftvet, uiui liiiw are the v^bcitict nrliLtcd to th«e iorftf' 
s|Min rli ii" rlcimninin" facrors? ICow do the indi vidua f wat^ 
|>rirtiL-li's Ait =t uave ninve?" Wlial is the lelali-on of peridtl 80 
ivavc-lcnRtli? Witfi the excciilion t>f alio first qnestimi. 
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ha vr bctin dcriticcd bv applviti^ principies uf au celias tics to Ther 
Ap propriat e *laia. and in genera! tlie a^recine-nt between cym- 
putecl and otHcrred values lias bcen reasarably gootL In fact h 
one of the inost sitecesjiful applicatione of bvdroclynainics h to 
tinall ostii huion 5 under ffravity of a liqui d hawing a free stiriace. 
The fir&t quc^lign involves corresponding; nieaauremenLs of waves 
and witid whieh, togethtr, affoftl a ha^i*. for ohtaiiiirkg cmpifical 
relations, bwt. whjlc pnagrcss has "betm mide in the tlicu- 

retical side of this qivestkin H the resnlts aitained are not as salhs- 
factory as in tbe cajie of ihe otber questum* jusi sake-d. 

Grear pnogr*s,s has Iwrn nrnle in investigations of the tities, 
and wsvc theories plav an mrporta.nl part in thenn With the 
Aid of f e levant data wliLcb mus* mclitde atservaliofhs *( tke 
hpight And time nf rlic ritlc at a ftiren place, coinbitiul with 

prmtjple* of pby^ical aistforiomy* it ss pos-siMe to Tnake sahsOic- 

Lory predictions of the time and heitfht of the fide at that piare 
a year or more !n aclvance. But, mailiematicians Jiave not yet 
™cceeried in deducing the tides tmirely from principies of 
mechanica and the elements arlmittedly deterrmmmg ihern, sufih 
as the topo^raphy of rhe ocean be>uom + the distributum of lauri 
aml waier and the relevant a-stT&Donikal data. Thus, whilr 
exisrtiiJg metbtvjs. pArlly cmpirical and -paftty ire 

af3ec|natc for TlKrat practical pnrposes of navigation p the sciente 
of tlie tictes K consldered as a physica! phenomciioiin is staL! in a 
pndiminary stagt oit the uay tn a soltilion of licia! problems 
approaching in complcfmess llie «>lntior of otfcer prubletns in 
phystcal astronomy. 

Determination of t3ie g-eneral occanae circulatio», and iis 
variitiom is esprdally diflficuU. and this fidrt o i invtadpation 
■lol oniy shows -clcarly the ueed of indirect mcflwta, but iffufds 
a siriking- illustration of the ■way in which the ohservational amI 
theoiretical aspecti conibint in attauimg ihe de&ired encl. In ves¬ 
tiga of ocean currente nifly be am>roAchcd from tlie dynam¬ 
icat side :n whi^h ea^e, tlie twrrems are rcgwded av the 
cil =t af c-au^s or they may li^= regarded as cau^e^ produc itig 
certa in cfifetts. Thp fLrst or dyuamical method requires i nvc st i- 
gations of the causes of currente, and tht^c con- 

vcniently be divided intn two classem: primary. such as wind^ 
variatHJtis- in air pressure, difFtrences. Jn ^pecific ^s-avUy: and 
secontlary, &«eh as cM^tal aml in 5 tt«nn omifigfUTa.ti on. ilio cartlt^ 
TOtation and ftnid frietk>n, hut^ the tlieorctical tlclemiinalbn uf 
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iurrcnts from their cautes. cv«i ththe lattcr maj be 
k ] 11 ] w n, ^ jn g^nrr*!, e* tremcS v difFrcult. Whiie a gcK?d deaJ ha* 
been ac-complished in this direction h es-pecially wnsidering the 
ftw itieu wbo ha ve givc» .spccial attenlioti to thc matter, ihe 
snbjcct ol the JynjifT^ies of ot^au corrents is far from sati-s- 
factorv. 

The imporcant phenomenon of friction in ihe Ma, where 
EiirhuJicnoe and tlie alternati ng circulat toti of atnall rmas-ses of 
%valer prevait, \$ eiiLirely tllffereut iram visc^sity^ tneasuroJ 

in thc Uboratory tuptrimeitts, in wtiich the attempt is -made #0 
produce a stow Lamina r mtttion and to detcrmine thc Frvctional 
properties of the ji^jfanrr water- Lack of apprecia-tion of th:5 
fimdantental tliflference has rtmicred thc resuit s of earlier math¬ 
ematica.! in vestigatiotin itiwolvinjj friefiort in tlie sea entirely mis- 
Icadi ng fram a quini itat ive poiut of vicw* But the need i* 
Wi ng necn^nined of giving more carefnS altent Lori bt> llie subjtct 
i• f frictional resistance in ihe sea, not only iri tht case of generai 
E^tank circulat ion r but in tirial investigatione a* iv-cll, 

Tht eiretiUtibri rhay bc rcgardcd as one of the domiiunt 
uiul variahie factor?;, or ean aes tending to di st urb thc distribuetin 
*' f temperat «re, salin3ty H an d other properties of sea-watef- 
\Lxnrdingly F inferentes regarding ihc circulationi may be based 
hi ii vncxIaficRtioiin of fclre nrjrmal distribnnon of pnopcTlIes of the 
uiiier. Tliis. nuethoil wtiicli has long; been used in a qualitative 
^■iy n dtmuids, for quantitati treatment p investi gations of 1h* 

■ Iktribution of the*e properties., temperatur*, tot c-tfimpk, a£ 

^nrcijusnccs ot factars otfocr than occan curratis. .Vccord- 
ih^Iy it is -tiet^sSafy to investigate the phenom-ena of heating fif 
ilic «ater duc to solar radiatiori, c-oolitig duc to evaporation. 
o ■ndnciami of lient under oceanic conditicau r the correspottding 
e Fungus irs ^alinity ^ml other pnoficrti^s. the dinect effcct of 
c-iiniflct ^nd the mortifjTnng iifiiiences c-n sudi phe- 

ii^niena of dcplh and distance from land. The fundamental 
i^rohie^i of yertical imperature gradknts and their rdation to 
f.!iy<ical causcs ha* reeeived huf- tiitk attetui^n «iefit fiwi ihe 
ipinlltative poittl of vicu _ f The theorctical tre^tutent of this 
|'i'd]]ciri, usiiyq tlie prindiple of statEstical mecbanics,. and ihe 
idea of a convective or alier^iating inotion of small wa.icr 

a Qrv. F. McEw-cn, Phynscal cTTij-tjiiitspcrtaining to thc occan, Bcxmt*. 
V 3. Vol. ut, N'ol fwftfs Juut ^©30- Occanic ciircalatiOii 

■ uiii iis licarins uinm iitiemins KNinnlfc ses^tinal w^atheT lyrecista, Bulletiit 
Ve, 7 of the Scriain* In *c LtntloFi Iot Itaol OHicral Research o-f ihe Ifnivertilj oE 
fjitifomia, p*g£s f-^vs, S.'fivenilsL-r H_ 
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masses, t€=ndin^ te> mi* the water, has beesi at:empted by tlit 
writcr, and pr elimina ty resuite thus far reached are encour- 
ieirtg. Marta^cr, tt a.ppear& that thia miieing? phcnomenui is 
closdy rdatcdf to that of frictio n P £5 wtll as \q thc gencral phe- 

noFTieror e>f di Rusior and. Jieal conductior m the sea» Fraitt 
Lhe 5-tan dpoint of coordinating and inierpreting resulta tht 
im portan ce ol $ucl\ reLatious b evidetit. 

Finally, sinaller hodiec. of water—lakes and neservoirs—may 
b? reganfad as ititensiv* investig-alion ahoutd ai4 

gTeatly in attacking the more compl-ex problems of gradimta in 
the immense ocean masses for which a™ tabi e data arc corre- 
cpondin^ly incomplete-, and difficuLl to obtain. 
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IXVESTIG AT JONS OFTflE WATER.S OF TUE PACIFIC 
Bv Gricusf.i- R McEweh 

T13 &: F^ClUC AS .V WHOLE 

tu certjin prwious paperg ilu j author tm d^alt, in a genenl 
Wiiy, with t!ie >;iencc of physica I ^canugrapliy, a^mies av-aiI- 

:ible inr nl*srrv.j[ nm s. nmj idea*; recani irifj orKaniz^litiH. 

eodjurratior mfl inilivirhml work. T Ise praeni papcr ileah mort 
specifical ly vvitli invcsl i paliuris of sin- Pacific occan, a-nd naturali) 1 
peri .ai iia inaiiih tu Incal i Marth American) watcr*. 

The circular ion of Elie watera in tlae Pacific basin i* krawii 
only iri a wry jjeticral \ vay, and most crf ilie daia on whkli ihis 

klto1 -c^Iljc- is linn^il wiTc fiMamcd liy rnen haviri^ Imt hlilt: lr*L!.n- 

iij^ in e]i i- AcM. aml ucitlirr pixivided with sprcial appariti», rwtf 
(iffuriEed linit 1 fmr its ti^e. K Licii aecompanying observatknts of 
ucean ta Miseraturo a* h:u r c Ik-eti made frcinia c^nniercial ships 
reluce 'Hily |m rhe Mirfa-ee. Kven the ocesi^gra-phic ob&rvatiom 
macie liy Ilie varions wienlifk expeditiora relate nuinly tn the 
'LirfiW and luitt^m. Tliv interni ediate ikpihs have recti ved W 
Iit ile aiti-i nitui. In faet. prbr to itie year 1909 «rial ttimperaiurc 
uhs^r^atioii^ that orn W rc^ordcd a* rea^cumhly tnistworthy hpd 
heon marle al scarcely yr^j statiora in the whole Parhic. ilial ^ 
on ilic avera^e, llierc wa& available only orne verlical seiirh fr>r 
cacti yn.ipoo sejm re tniies, And only a small proportton of die** 
temperii ure Eil^crv^iiinix wrre :u:coiiipariir[| lsy hrrial uielt 5 *IH- 
plt' oillecled fur physical r>r elirmi-cal examinalior. Morerer, 
111 u ilefilli intcrvil, Itetween observatione, even in the ttppcr 
vlisiii^ciihlv Irnvr fsi 300 fathoms in tlikkiiess \K&>. rartty I™ 
E Ii n 11 faSlmnis \^aari tlicsc siitasiiffAtc ohbemtjdClB, accurmi' 

latal dnrin^ a fort) yrnr periiKl with ro cdntiruify in the tin* 
\\ it e Ir n-^iilarly scatleml over the oc<?aii vriih !itfle r-tl^i^il 
m LTiiiEiil reirii in*i. :li iri l:m-kcd tlur hornogicneit} 1 insure^l hy ^ 

ii se of staiulaTit im‘i ItcuEs, 

The ^ni^nrf-ace donc k» only s fe* 

ver-. liinitEfl re^iijiK, for OKariple urnali off tbc «aasi* 

Upan. CiTtairi Pricifie Nnrnls aml sile continent of North Ame^ 

i ea. c Sii K :i 1 i 11U - | itf 1 i rHi th A Ky wOffc hat bfrCll dm oil thfi ctlCH- 

iritrv of the Pacific Occan. Tlijg iniportMU bnt practM 1 ? 
unt^Tiiclied field U rknlt witli m otlier papers tsf the p-roceeiiitifl^ 

l m ] 
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however, certam outstanding features are briefly mentioned here. 
It is commonly assumed that the ocean waters are everywhere of 
the same Chemical compositiori, or that the proportions of the 
various salts remain constant even though there may be wide 
variations in absolute amounts. However, there is a reciprocal 
action between the substantes dissolvet! in the ocean and those 
of its floor, the river water flowing in. and the marine life. The 
slight changcs in composition of the ocean watcrs thus arising, 
form an important and neglected field of research at least in the 
Pacific. The systematic measuremetit of acidity, alkalinity, and 
the amounts of dissolved gases, especially oxygen, nitrogen, and 
carbon dioxide must also be included in any thorough-going 
program of ocean research. 

Such discontinuous and fragmentary observations thinly 
scattered over the whole ocean can provide scarcely more than a 
crude idea of the generat or prevailing aspects of circulation 
and the distribution of temperature, salinity or other properties. 
The detaits of thcir distributiori and seasonal variations are 
unknown. And the more intensive and continuous local work 
of the kint! hitherto carried on hy indivhluals or institutions in 
very Hmitetl regions can never compass the great ocean as a 
whole. The Pacific is vast, and contains an infinite variety of 
conditions and phenomena. Thorough-going Pacific investiga- 
tion therefore dcmands munificent support and International 
codperation. Plans involving practtcable series of observations 
continuous in the time sense as well as in space, and extending 
over long periods should bc thoughtfully worked out in advance. 
Careful preparation for each scientific expedition is essentia!, and 
the prearranged program should be followed closely, although it 
is important to provide for such additional work as may seem 
advisable during the progress of the work. The details of such 
a program can not be properly worked out by scientists alone, 
navigators should also be called in conference in order to insure 
practicability of pians and economy of expendi ture. 

Determinati on of the diurna! and seasonal changes of tem¬ 
perature, salinity and other properties at sufficiently small depth 
intervals in selected positions is greatly needed. Also observa- 
tions subject as little as possible to the perturbing tnfiuence of 
land, currents and winds are especially desirable for the purpose 
of investigating “normal” vertical gradients and their seasonal 
variation, The question of vertical gradients in the ocean is of 
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fundamenta! importanoc in the sctcnce cE oceanogTapki>. Ii 
involves llie idea of the alternat ing circulalion of small Matci 1 
partides, which according to the indication of present reseinctifi 
canse -coTuluctioti and diffusian under eotidilioits pectdiar to 
lar^e bodi«s of lvater, Again, this phertomenon i 5 closely r^lated 
iq ihe important but little kmnvn subject of fluid fritliop oi 
rediit Ance to motion iu the sta 

One legion where observatio ns wotilii be wdl adapttri fe» 
the rtecds -of iliidl itiveAtigfatkVffl* is a df ‘‘frcci-ngc lake 1 ' vfldEl 
the area of high fcatometric pressure in the North Pacific, and 
include*! hetvveen latitudes 30* lo N. and long-Uudes 130 1 to 
1S0" W, There i* a simi lar onp iti the Sotuh Pacific included 
latitudo 15* to 4-2 a S. aod 75* to ijp* W- 

OccanogTapliic observat Lons in sudi regi&ns Accompanitd by 
meteoroiogical observa Cion* sudi a» dnudine», solar radici*™. 

leiVif^eainfe, hdinidilj-, bifttfhdHi pMS^Uf^ aM wini wowM 
provide a satisfaclory basis for Workmg onc the principies frf 
v^rtieal gradieris o-f physical and Chemical properties cf sea- 
wat#r resulting- frpm the siniplest condit tons. A Mndy of ii*cfi 
data wmihl reveal the vvay in which land m&sses, whids and 
orean current s influenti? the distributiori of these propertiet In 
connectio 11 ivith audi a prograni rei ali ve 10 tme or bolh frf d* 
high pressure area* tliere should also he nne of continuous 
observat jons at sciet t-eil stattatis aking coasts and in Lhe ci|ui- 
tornal rcgion. of as msiny properties of the water a? posstble, 
cspedally the temperature, salinity, ga.s conterit h hydmgtn tiv 
conceutratio 11, and current 5 accompanted by meteorological ob«r- 
vations. Thus a varieiy of diverse but retated phetiomeru «nald 
ht? eoord iiiate d_ 

TIEI 5 W.VTRRft BARO&RI S-G fTORTII AMERICA 

Finst in importante would be serial temperatures and f^ 31 ' 
ities along a nurnber of cross-sectio ns exteiiding From thi 
out tlirough the Japa.n Current. Regions in wliich such. obser¬ 
vatione would be of special ini ere sc are tlie fallo wifijr es^ctidiflR 

sonth from latitudc 50 N, to 20 N.; Vaixouver, Astofii. Cjpf 
Hlanco.C?t|K Mcnflactno. S-an Fr^nci^co, Point Conceptio^ 

San Eiv^enin, Magdalena i'ay. Cape San Lue a 5, and Cape Coj- 
rientes- Supplementary i?bservatioTis of tlie wtnds, 5 -urfa« 
barometric pwstire and eertaiu ch^fsikal propenies of the wat«i 
wottld preatly incrriMe the value nf the ^tlier observation5- 
pirtfilar observatious sbe-iild be rciftde along two bnes, onc appr^^ - 
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iinat-ely parallel Eo the edge of the continenta[ shelf, the othcr 
in a southwes-terliy directiou near the jniddie of the Japan Cur- 
retit„ tlaat ie p &hou=t 3,00 miles off shor* fftvm Vancouver and 
15W to 5 WO miles off sbcre from C-apc Comentes. Th* resuas 
of observatione along the varioits cros^-sections. wonld serve to 
■determine the best locat ion for rhese two ]in«, and might indi¬ 
cate tlie necd of oihers ako_ 

When decidi ng on the details ol such a program accorriins 
to availabk means h it wouEd seetn hest itt the ititerest df ccrn- 
li-nLiity, so to reduce the arca traversrd a.$ to Tiiafee ob&ervatlo-ns 
-poss-Eblt at time in ter va Is not exccfdin|ir two monttis. Such an 
investigation, ever irf rhe cmises could be camed on for only a 
year H would add mucli to our knovdedge of the detaifis of tlie 
upwelNn^ phenerner-a as wetl as tlie cold Ca-hfortna Current., :ts 
extern and re latio n to the Japati Current It wduldl furnish &n 
approximat ion to the stasotial variatum of the different elementa 
ob^etv^d. such flata wu« Id cor tribute to the solutiori 

of the folio vring General -occano ^raphic and meteonolgncal 
problerns- 

1. The rflation of udnds to clianges in water Irvch and the 
currant getierated hy a witid of given vrfofity, 

2 . The Telation of bar ornet ric pressure io wirnts, cttrrents 
atiri waier level, 

3. Differentes in crater leve! as a rause n f oceati cur rents. 

4. The detection and measureinent -oE ocean currents by 
means of the variatiori and distrihuiion of une or more Chemical 
qX physical pioperties of tlie water. 

5. The rffect af Ilie bfrltoin cotrfigtifaikrfi atid coast lific on 
circulationi. 

6. Tbe motion prodnced by a nei^hbarinp current. 

j. Erosioni and deposition by ocean currente. 

S. The precipitalion of various substances due 10 varying 
physical and Chemical condi Liem of s.he ivatei. 

9, 'Tottndary v*aYes IP i that is ^^ve& in a body of ^a*ce 
<^vered by a byer of Jess densi ty, sharply s^eparated. froni the 
imdcrlying denser water_ 

r Q. Tlie relation of lard clima-tes and weather \a ocean 
conditioris, and the possiibilitics of seasonal iveather forecasting 

from oeear cor ditior. 5 . 

In conclusion the valme of ce na in oceanographic ohservi- 
lion« ss a means ol tong; peiiod iveatlicr forecastinEj lias 
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indicateJ hy eominuoug recorrfs for the past six ire^r* at tlit 
Scrippi InstcLiitioii pier, tacstr Ifon Dicgo. r\ ContitlUOut, and 
mere cxlefiiltii serit 1 * ->i obKervatioRu fer a period of many year 
ivill lic rtiiuircfl m rc q t the possibilities of such foreca^tiriE 
met luxis, For thus pnrpose, advantage sliould tae takcn of t!ie 
adaplability of govenimeiit liglit ships. light houses* and isthcr 
*taEsi*fcis near shofr, ie> *uch a eontirtuous series of cbserrrntioii*- 

ACCCUCV AND PISTKIB1-TIOX (JP OB5LKYATIONS 

atientiofl iha-n has bcen cu? torna ry filiuubl lar piven 
lllfl upper JOu meter laver of u-atef- Ffuirt temperi tute ifwl 
salinity observat wns it appears that. in penera!, a suUable nJistri- 
bution of observations in this laver is i o -5 -10-15 -20-2^ -JO-40 
-50 -<jq -75 -ino -iJ3 -ijn -,?oo meirr^ Eolow 200 ineitT^ a 
ino or 200 meter ititenal is in ^eneral small monili ex.ee jn in 
spedal inwMipalions of the postible waLmfsirig effeci near ihc 
botlom (ine to the eartlVi h^-a.1. 

The |*ro|n-T rlistanee between satians at which serial ateer- 
vat lutis sUnnkl be made varica wittely with condit ions. In cer¬ 
ta in i 11-s horne rc^ions xvliere tlie Jeplli ehaoges rapidi v, intervals 
as small 0 .2 mile arc oftcti ricsiratilc. vibile 10 or [5 miles off 

sliore a 5. mile ititervftl may stiffice. stili Iasi lier oli sho-re 
ditiens are olEen sq imi foria that a nusch fonper intervaX wy 
niilcs. niay sufbce. It is dea i rabi e to cavry ors regiil^r stiriace 
enlkeimp al stna II i j i|Liil ititarvak nay rvErj- 3 miles, wliLl* mnler 
'vay, anil 10 lw guliM i*y ditR resuit^ N -ai- wcll by topo^fi^phit 
featntes in tlic selgetinn of stations for ?eria.t observiE^ns;, 

T^mperatunes mca&iir-cd 10 0. a C are accurate enoqgh for 
many piirpc^si^s, Imi il is in gmeral gle^iralfk fo esfimiite to 
c.oE C~. cfipeeially in ni-iklnf ^e-riaiL otoervations. The salinity 
InuTnberof granis of Hitlts |kt VSOO j^rams of solutio») shonld 
in gemer^l he meastired wirh an error 1101 exceeding o.c^ prinis 
IVhkl 1 is about o.e f f of it^ usual value Tliis coTrespomlii io an 
error about . 0 02 % or t part itu 50,000 ir s^iecifit pravity. 
Sudi [jTeGi&i\Hi i* prEictit-thle when iising methoda alroady i*r- 
fectech (See pa]x?r by N. W. Cumming~&, m fhis volume, ) 

Iti pcneral a (lepth error 1101 exccetling abouf 0.5 meter 
it ,> rnci^rs. anci nnt more illati 2^}t ihe tlrjith fnsnl 

30 meters to tht b^ttotr* ^vill provr to hc satisfacton r and ptae- 
ticable. 

Lnofition^ of posiifons ^hcmld he as aceuraie as eondtiioiis 
permSt,. Wbcn dost li^ land position trrors cati ofteit "kcpt 
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within o.io mile p whiie an error less than i or 2 miks can 

hardly "bc cxpcetcd wtsen out r>( sigln of Und. MorfcJni radio 

methods of Iwatim at sca promise to bc of great value tDth 
commem ally and scientifically. 

The snbject -of uniis has reccived a good deal of attetitiom 
Iroiw scienlists ciigagcd i.n various cooperative resca-fctieSr Whtle 
usc of thr mctric System 15 in Keneral groiving in favoT< a.nd ha^ 
bcen quite extensive in oeeanoj^raphic worlt ? there bas been no 
common -acceptance of i es uu in ihi* fteld. There are g-uod rea- 
sons Fot retalnin^ the n^utical as a unit of hoffiflHftal dis- 
tartcen and the EngHish fitHom as a messure of depth. This 
OT-nvrni-ent combination was erccltisively 11 sed in oceanographic 
work pnblished up to i-B&y On ttat other liand, certaiti impor¬ 
tant dynatiiical and themnal computatione are rctidrrcd stmpkr 
b-y tlie use of mtlric unirs- It is very important in any large 
probram of Pacific ocean investigatione to agree on some uni- 
fonn system of uniis, as wcll as on standardized methodi of 
nhserving and collecting. 


CQtfCLV&ION 

In deciding on ibc brs-t use to niakc- of av&ikble means, 
^perience s-hows ihai rtan y observatione of diverse kinds dis- 
tritmtcd vtr as targe i regi on as fici tities permi-t are espedaLly 
valuable in provitling; clatri fa-r tho solutiori ai important problerais 

of interrclatioTiship. In the intereat of ccGHflriiy. eipcci.ally &t t ht 
bcginning of the work H sucb extensive ottterratkms miglit ha ve 
to bc llm-itcd to a sbort peraod of time or Do severa! short pcnoels 
s^parateri by ionger inlcrvil^. In any caee H iside irem aflording 
ili-ta adetjuate for prcliminary soluti-Otis c*f various problema 
sueh a procedure would indicate eertain statiuns of peculiar valnt 
as indici -of what is gaing: gn Lhrguglwut great oceanic regk?ns, 
At snch -critica! stati ens as neir aii appfwch p^^siblt <0 con- 
timjom observations should be carricd on ttirongliotit a Iong 
period -oi t!mt Sucb continuans series are e Hernia! in atives-ti- 
gations of periodi c variatbn^, atimtal an orna lies, relatiom of 
cljm^te to -oceanic oondicioTts t and are gfcat value in providitig 
stindards for eomparisoiu and interjKibtion in other 00n- 

tinuoua iseri^s, OQvering extensive area?, Meretv fr^gnieiitary. 
haphaiard work. altb^d^h of sonte value, is Ln gfrtfiftl incSieieiit 
and iiiisatisfactory. cspcdadiy froni the standpoint of coordma- 
tion and interpretat ion or the soliction e>f pTObloin^. 
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A rilMKER MRTHOD FOR THE DET ERM[XATIOX 
OF SPECI FIC GEA VITIES 
Bv A. W. Ci"MMiMOSi P Assistant in Oceamography at th-c 
5 cripp& In&tituticm 

The uccanogrLphk: work bdng; done ai llie Scripps Institu- 
lion requires ihc accurate dtterniin&tbfl □ £ tlie *pccific gravities 
of *everal thoiuwid u;itcr ^amples a ycar. The resulta are of 
Iftile vakic unless the error di a sin^k -determinat ion is Us* 
than tu ro itoi»aadths of me ]3er ceiit. To auain Otis de^ree ol 
accuracv witllVHt con^nniitig titiihie thtac is a pryblern diai hi* 
the attention of «eve-rrd ocefljnegraptiefH. N^n^wi 
f iffy.piBgiG} in liiis Icnpthy discui^ion o£ lli-e use oi tli-e hydram- 
ele-r bys stress €>n llie errors caused b y variatiori in sitrfa«:c kil- 
simi, Ht sJurw* that utiltss great ca.re is exercised, errors as 
a>s O-OOQ3 in thr sjK-tLfk are Uablc to occur. TSic 

use of liydrornetcrs ls also disenssed by llcIUnd Hansen (191L- 
icflz). Jalcob Scheleti^ (njot^ giv« a dclaile-d descriptiori m\ 
tlse use riif the total itnnieraion hydiometer profeci by Xarsen. 
Ijunh i'nul Ixx (hj[]I describe a total immtr&ion hydrometei* 
nirstmllerl by :\n ckrtnnua^ieric fietd of ktlftu-fi illtellsiilY r lc is 
said tlicit with tliis insttWTTicnt the p]HTific gjavity of dilute Solu¬ 
tions -ceiu lie detemiined accnrately fo the ei^lith deciinal ptacc- 

J. Y. Budianan ( 191 gl describes dic hyd ruinct er that hc asedau 
tlic Cliallcnscr cKpvditSon, A meHlod has bcen dcvclopcd it tlse 
Scripps InHitutktfi ivhtch niafces it possible (o run about thirty 
stamples and to corrcci eacli 5-pecific ^ravity to the value corrc- 
spomHng to o" all wrhin ore licui r. Sin ce specific graviiv flater- 
tiitiiatioiis aro commori Sr| many kiiitls of work, ei dcscriplioil of 
diis iin.-c3in«:l may te of sOJWewrKat jren^raL interest. For a hTiei 
dv^npri^n of the FTwthod as it was fir&t empkyed, Michael 
anrl McEwer H>i> 

The acoompflTiyirfj photoprapli {fisure !) sliows iht 
arrangtmeiit ai i]is. L -i|]]^?iriiiis E A Kl a - S ^ &< n kcr S !iax r mj^ a voP 
utile nf alxnit 25CC ard a weik r ht of about 3^g is suspeiidcd from 
thr lefi rLrm of rlic baUnc-e eiih! is iitimersed In the samjde oi 
water- whicli h bekl tn a si^cially rie*i£iied Container. The sam- 
ple is syphoncd over from the calhectlng 1>-*ti]^- to t]K c<«Uaintfr 
11 p to tlie levet of the owrflow whicli [li^ehjir^es int-o th^tulw T. 
Aftcr llu* rlftrrniiti-itNni -is (Jie ^ar^l^e is ivillldr^" 11 

tlirmi^li :j 1 ni k* c Icadin^ from lite botto in of the tfanhininp 

f 6W ] 
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Ficuke i, A|jp;ir<itu$ for the determination of specitic (jraiily. 

vessel. It is tinis possible to introduc e and remove the sample 
wtthout in any way dtstttrbing the apparatus. The flow m aml 
out is contmlled hy the stop-cocks / aml 2. (No. 2 is near the 
lower end of the rubber tubing and is not showit in the ftgure») 
The computations are made with the akl of a table* the 
principle of which is illustrated hy Table II, whieh was coniputed 
on the assun.ptioti tliat the volume of the siflkcr is exactiy 2$ce. 
The work was tlone on an adding machine and lietiee its 
numeri caf accuracy throughout can be absolutely assured hy a 
very rapui itispectiun. It requires about tliirty tu imites to print 
a sheet similar to tliat shown in Table II. 
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Pax-Pacific Scievtipic Conferesce 


The cx|»knnii«n is as follow»: 

II p ta [Ile ilcrtMiv- oi H^rinji-le- at the temperature tif 

determinati on, Y the vnlume o£ the sinkcr. and B the buojraiti 
force exerted on llie sinke r r theit 

* V = It {I p 

In iliis equatian X is a fnnetion <i( temperature, and p a 
fqnttkin of InieSi temperature and saliimy, 

Differcntialifl^ (l), and solvHng For ilp w*e havf p 

SB *V 

— — - p — f jh 

V V 

Tliis i-fjuatioit e* presses the changt iit p accompanying jnfiti- 
iksimal changtes m 11 and ^ - It also fp-yes tlie change in p thafc 
woutd accompany ahy Swiftf chanae in B and V f/ the rate of 
clianj^e of p witli B and V ivere constant ov^r (Ii? j-nttffal. It 
is «vident from equuioii (i) that the raie of riiange &f p with 
respeet tn !S is conatant, and an onr observatimis tlie magnai- 
tuileFi are mch diae no appreciahk error te intMtiecd hr issttrn- 
ing 1 Ilie mate of chatipe witli respeet t-o V to Ijc constant also, 
In nther wcttK it is a-^mwd ih&t V may H without undtii! error, 
Ii«? regarderi as a constant divisor eveti Uiough ilis? differenti^ 
SY te of the sa-mo *>rrler of magiiitqde &s d^, Thi^ fenenr 

cati ir vcnfiotf thus: 

Solve «|nation { t > for p and let represent tlie tuoyaiity 

«erteil by distilled water haviiig rfensity Thcn nite differ- 

Wwc^n th^ «i^n.4iy of dtetilled w-mr and that of any jsr- 
ticnlar *anipl-c of sea water ia givfn by 

B 

^ - w = f— - —) 

V V 

fmiti -lvltieh may ht L eiUtained 

B - Bj 

p ————-f p.l 

V 

if V has. the sanie valite in tlie iwo ileierniinations. 

Now, die fjreatest error that can be caus-ed by rL fc gardin£ V 
a* a constant divisor vvill «ccur when B lias tlsi greale^t valuc. 
and for a *jce gifiber this makes; B - B hJ appmtimately eqnal to 
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758 '- Differentiating with respect to V and substituting 75g for 
B - B d givcs 

d P B ~ B d 75 

—= -- — - — .0012 

dV V* 625 

This means that a change o£ .01 cc in V produces a change 
of approximately .00001 in p, or in other words, that ii an error 
of .00002 is allowed, any value of V may be used which does 
not differ by more than .01 Cc from tbe true value, provided that 
the same volume is used in the determinations of both B and B d . 
If the volume is not equal in the two weighings, then a corree- 
tlon must be applied which corresponds to the second term of 
equation 2, but in this term also an error of .01 in V is permis- 
sible, beeause p times the change in V is less than B - B d . In 
practice, the volume does not change by more than .oicc between 
ro' C and 30* C, therefore from the foregoing discussion the 
clifferentials dp, 8V and 6B in equation (2) ean, without too 
great an error, be treated as finite increments. The following 
equation is then a sufficienti}’ close approximation: 


AB AV 



We may therefore proceed as follows: 

(1) Find the weight needed to balance tbe sinker in dis- 
tilled water at the known temperature 

(2) Find the weight needed to balance tbe sinker in a 
sample of sea-water of known temperature t t but unknown 
density. 

(3) Compute Ap from equation 3, regarding AV as the 
total thermal expansion of the sinker in passing from tempera¬ 
ture 0 to temperature t. 

(4) Add the resuit to the density of distilled water at 
temperature 0 as obtained from Standard tabi es, 

£5) Regard the sum so obtained as the true density, S*/o4 
of the sea water at the temperature t. 

The advantage of thus basing the computation on the den¬ 
sity of dislilled water is that it permits the use of an approxi¬ 
mate value of the volume without undue sacrifice of acctiracy. 
If the weighing in distilled water is so controlled as to make 
0 exactly 20”, then A V becomes equal to £ V (t - 20 j where f 
is the coeffirient of cubical expansion of the materia! of the 
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sinker. Though control within a sufficiently small temperature 
departure is impracticable, thc desired resuit can bc obtained by 
making weighings at convenient temperat ures in the vicinity nf 
20* and reducing to 20* by the aid of equation (3), and the 
table from which the density of distjlled water for various tem- 
peratures can be found, 

Since | V is a function of temperature and nothing ebe. the 
procedure outlincd above is equi valent to computing density from 
the equation 

W d - W 

p — /»d H—-— — "h (4) 

V 

where p^ is the density of distilled water at 20°, W d the weight 
needed to balance the sinker in this water and W the weight 
needed to balance it in sea-water. It will be convenient to sub¬ 
stitute fbr p the Symbol S */°4- The weight, W, equals C-B, 
where C is a constant pertaining to the apparatus. 

In order to reduce the density of sea-water as determined 
from either equation (3) or (4), to the density at o°, denoted by 
S a /04 it is necessary to add a certain correction depending on 
both density and temperature. In his Hydrographische Tabellen, 
Kmtdsoi) (1901) gives this corrcciion, which he calls D, for a 
wide range of temperatures and densities. An investigation of 
the relation that D bears to temperature and S V04, as showii 
by tliese tablcs, rcvealed the fact that it is possible with the aid 
of equation (4) to construet table II by foliowing a sitnpie 
routine, and stili preserve the required accuracy. 

As a preliminary step, table I should be constructed by pro- 
ceeding as follows: 

(1) Compute S “/04 for W d -W=5oo mg, and i equals 20°. 
The absolute values of W d and W depend of course on the con¬ 
stante of the apparatus, but their differente only on S°/04> 
t and V. 

(2) From equation 3 compute the change in S T /04 that 
would accompany an merease of 10 mg in W d -W. If V equals 
25ce. this change in S '/04 is obviously 40* 

(3) From Kiuidsen’s tables find the change in D that 
accompanies the change in SV04 found in step 2, If the resuit 

* Fot convenience, Kninbcn expres&es speci fic gravity by a number 
obtained bv droppiiifii (he 1 to the Icft of thc decima] point and then moving 
thc decimaI point three places 10 ihe riglit. Wt find it more convenient 
stili lo move thc point live places to Lhe right, instcad of three. 
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of step 2 is found to be 40, then tbe resuit of step 3 will be 2,4, 

(4) Add the results of steps 2 and 3. The sum is the 
total increment iti S V°4 that accompanies a change in W d -W of 
to rng. It $0 happeus that this increment can be regarded as a 
constant for a very wide range of values of S V°4- 

(5) With the adding machine put 500 in the upper left 
hand corner of the sheet. Add 10 and subtotal; add 10 again 
and subtotal, and so on until the desired range has been covereti. 

(6) Just to the right of the 500 print the value of the 
S “/04 corresponding to W«|—W ~ 5 oo mg. and t — 20°. Add the 
resuit found in step 4, The sum is the value of S */°4 corre¬ 
sponding to 510 mg\ and t= 20°. Repeat the process until the 
valtte of S “/04 corresponding to cadi weight has been found. 


tarle i. 


50Q.QG 

2,1 18,00 

600.00 

2,54300 

700.00 

2,967.00 

10.00 

42.40 

10.00 

42.40 

10.00 

42,40 

510.00 s 

2.160.40 s 

610,00 s 

2,58540 s 

710.00 s 

3,009.40 s 

10.00 

42.40 

10,00 

4240 

10.00 

42 40 

520.00 fi 

2,202.80 s 

620.00 s 

2,627.80 s 

720.00 s 

3,051.80 s 

10.00 

42.40 

10.00 

42.40 

10.00 

4240 

530.00 fi 

2,245.205 

630.00 s 

2,6170.20 s 

730.00 s 

3,094.20 s 

10.00 

42.40 

10.00 

42.40 

10.00 

42.40 

540.00 fi 

2,287.60 5 

640.00 s 

2,712.60 s 

740 00 s 

3,136.60 s 

10.00 

42.40 

10.00 

42.40 

10.00 

42.40 

550.00 s 

2,330.00 s 

650.00 s 

2.755.00 s 

750.00 s 

3,179.00 s 

10.00 

42.40 

10.00 

4240 

10.00 

42.40 

560.00 £ 

2,37240 s 

660,00 s 

2,79740 s 

760,00 s 

3,22140 s 

10.00 

4240 

10.00 

4240 

10.00 

4240 

570.00 s 

2,414.80 s 

670.00 s 

2.839,80 s 

770.00 fi 

3.263.80 s 

10.00 

42.40 

10.00 

4240 

10.00 

42.40 

580.00 s 

2457.20 s 

680.00 s 

2,882.20 s 

780.00 s 

3,306.20 s 

10.00 

4240 

10.00 

42.40 

10,00 

42.40 

590.00 s 

2499.60 s 

690.00 s 

2,924.60 s 

790.00 s 

3,348.60 s 

10.00 

42.40 

10.00 

42.40 

10.00 

42,40 

600.00 * 

2,542.00 * 

700.00 * 

2.967,00 * 

800.00 * 

3.391.00 * 
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TABLE II. 



630,00 


640,00 


65000 

20 

2,670.00 s 

24.88 

20 

2,7*3-00 

24.98 

20 

2755-00 

25.08 

21 

2,694.88 s 

25^ 

21 

2737.98 s 
25.98 

21 

2780.08 s 
26.08 

22 

2720.76 s 
26.88 

22 

2763.96 s 
26.98 

22 

2,806.165 

27.08 

2 3 

2,747.64 s 
27.88 

23 

2.790.94 s 
27.98 

23 

2,833.24 s 
28.08 

24 

2 . 775-52 s 
28,88 

24 

2,818.92 s 
28.98 

24 

2.861.32 s 
29.08 

2 5 

2,804.40 * 

25 

2,847.90 * 

2 5 

2,890.40 * 


(7) From cquation 4, compute the change in S '/04 that 
accompanies an increase of 1 * wlien the weight remains constant, 

(8) From Knudsen's tables find the change in D thar 
accompanies a change in temperature from 20* to 21* at the 
value of S ‘/04 corresponding to the initial value of S V° 4 ’ 

(9) Find the algebraic sum of the resuit of steps 7 and 8 
Tlie resuit is the total increment in S °/°4 that accompanies a 
change in temperature from 20" to 21’ when the weight remains 
constant. 

It will be found by an examination of the tables that this 
increment is a function of both temperature and S r /o4, or in 
other words, it is a function of temperature and weight needed 
to balance the sinker. It was found, however, that in the case 
of sea-water, this increment, which may he denoted by [D], 
could, without serious error he regarded as varying in a rather 
simple and regular way. It increases by 1.0 for each degree rise 
in temperature and 0,1 for each 10 mg. increase in Wj-W. It is 
therefore obvious how table II was construeted, The numbers 
630, 640* and 650 along the upper part of the table are values of 
W ir \V. In the coluum directly under each of these numbers are 
tlie values of S °/o4 corresponding to the weight at the top of 
tlie column and the temperatures at the left. The smaller nunu 
hers in this column are the values of [D]. They were primed 
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so as to facilitate interpolation for fraetions of a degree; £ wa$ 
assumed equal to ,000031. 

For any solution other than sea-water, the valuc of [D] will 
havc to be determined from appropriate tables. It is probabit, 
however, that for almost any solution, some such simple mode of 
variation as that found for sea-water can be discovered. 

The most satisfactory way to check the table is to choose 
any weight and temperature within its range, compute the coi’ 
responding S 0 /O4 by some Standard method, apply Knudsen’s 
correcti on as taken directly from his tables and compare the 
resuit with that obtained from the computed table. This was 
done for severa) values of both arguments, and while there are 
some discrepancies, they are ali within two thousandths of orte 
per cent, which is about the limit of accuracy of the observations 
under ordinary working conditions. It is believed that most of 
the work is accurate within ,001 of one per cent, i.e., to 1 in the 
fifth decimal place of the number expressing the true specific 
gravi ty. 

It will be observed that the weights given in the table 
increase by intervals of 10 mg. but by the proper adjustment of 
sensibility and a proper choice of rider, weight interpolation Ls 
elimlnated. It is evident from equation 4 that 1 mg, of weight 
makes a differente of 4 in the S^'04. From KnudserTs tables it 
is found that an increase of 100 in the Syo4 corresponds to an 
increase of .06 in D, and therefcre an increase of 4 in S ‘/04 
will cause an increase of .24 in D, One mg, therefore causes an 
increase of 4.24 in S. V04. If then the sensibility is so adjusted 
that 1 mg. corresponds to 4.2 divisions, tben the pointer will give 
directly the increment that must be added to tbe S ^/04 corre- 
sponding to the weights in order to give the true S a /04 as far 
as weights and pointer are concerr.ed. For this purpose the right 
end of the pointer scale should be regarded as zero. It may be 
more convenient in some cases to make the sensibility half as 
great and multiply the pointer reading by two. 

Since an increase of 1 mg. accompanies an increase of 4,24 
in 3704 an increase of 12 mg. will accompany an increase cf 
51, or approximately 50 in S “/04 Consequently, if a 12 mg. 
rider is used with a balance desigred for a io mg, rider, then the 
rider reading muHiplied by -5 will give tbe increment in S °/°4 
due to the position of the rider. The rule for finding S “/04 is 
therefore as follows: 
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(1) Froni the rabk find the ha* it number eorrepcmdiiJg to 
the wfigbt pn (he aml the nest b^e&E es-act degw, & 
argumenta. 

(2) Corruet for the fr&ction of a degree by simple imerpo- 
lation, (AH temperatur» shaulri be read tc 0.01*0 

(3) Add the poincer feadmg, or twice the po-inter readitig 
actording io lvhirli s emit ili ty is c hos en. 

( 4 ) Atltf -5 times the rider reading, 

T 3 ic inter palatio 11 can be ck>ne wfth a slidc nile, or the 
ivhalt calculationi bc dOrte ern 3 sinaII addi ng machine, cr if 
desirtd, auxiliar? tablcs can be made to eliminate the tiecesary 
0 1 Interpolat ion. Since the rider can aiways be pl&ccd on a 
multiple of 2 the calcfllaiion. hy the use of the auxiliary tablc 
can bc donc mentali y. hforeyver p aII the sampks in any cmtf 
group can be brougfit to praetieally the same temperatur-e betor* 
they a te rur. sg E hae. onty a small raiige of the table is roquiml 
for the ^rflup. 

It shonld be reineuibertri thal (h* tablea presented herewiih 
are intended cntrcly ty ijl lusi rate t^c d^vrlypiiienL. 

Th<y csuiuot Iw u$ed for actual computariotj h nnless the volmns 
of cli-e sinker is esactly 25 cc and it 5 expanaion cwfficient .ooooji. 
The audior exp^cts io puhlish in felie near future,, certain kej 1 
tables whicli can be ustd to facilitate computationi udth any 
glass sinker of approsnnately 25 cc volnme. 

The wifitet is greatly indehted Df. G. F. McEwen,. Oceifl- 
ojjr&jibe* 0 i the Scripps Institution„ and also to the late hir. E. 
L. Michacl formcrly ^oolo^ist at tlie Institutloiip for their many 
lipipful suggestioni. 
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REMARKS ON OCEANQGRAPHICAL KESEARCHES 

IN JAPAN 

Bv N. Yamasavu 

It is iray preat pleasure to Iiave ati opponunity here to 
speak a. w?rds “Qn the ocean^gy^phical r«earche* in Jipan 
As you krvow, the Japanese archi pelago «5ns.is.ts. of a iong rtiair 
of isUnds* wvtiich fornis a barrier off the tastcm coast of thc 
Asiatic continent, extending; bttween tlie latitudc of Cuba io 
ilic soutli, and that of Ncurfouiidland to the north. it face? 
[hc Tnifthly oceanic basin of the Pacific to ihe east and ttue 
depressed sea-s of Okliotsk and Japan ajid the shallow sea of 
Chitia to the west, The coast Ji^c of thc arctupclago i* 

1y wdl dcveloped. Evnery isUnd is indenled with irrnumerabie 
bays and inlets, aurmurded by rodsy bluffs and sandy beaehcs. 
Thou&and of isles and rtwiks are scattered near the raast. 
esperiallv in dic famatis itiland se» of Setouchi, 

The wjinti Ja-pRii current, Kuro-siwo or black current,, so 
named from its beautiful blue-bLack tint, wa&hea the WLitb- 
western coast of the archL[>e]ago a while lhc coid Chishjma. cur¬ 
rent lowfi atong die northeastem eoast, jnst as (hr euirents of 
Rtorida and Libratior are doing alcmg the coast of America. 
Tsiishima current, a brarch of the Kuro-siwo, cniers the Sei 
of Japan and affords moisturc and wamitli to thc northwett 
coast of the malnlatid, whqch is c3tpo&e*1 to thc chill-y nonhwest 
monsoofl from Siberia in wiuter. Liman cnrrent, one of the 
ture srnatier cotd currenta along Sakhatira, flows Southwest near 
the eoast of tine As-iatic continent. The cour§e atid bomularie^ of 
some c-f them are o itera ebangcahk, Tidal Mrearais arc vtiy 
significavit, especgally th* eoast ihe Inland Sea. 

Vari 011 s "Lines of rhe oreanic highway run on our water. 
TEic Ira Sio is incTe-asing with great rapidi ty In retent years. 
There are aiso many field& foi fisbtries. Abundant qn&ntijies 
of our FoodstufTs and fertiM ^ct a-re supplici thcTefroni. The 
w is » hane lilrcwise ,i land for those who live &n the islafid&. 
^t fern? th« basis th^ar lite. They are ver/ direeily ccn- 
cerned with it and ihty want mraeh ktw>wlcd^e of it_ Our 
octanograpliical in^estigati-oiis wtre made at first by the Hydro- 
praphic oflficc «>f the Navy Dt-jiarrrierit The surveying, sound- 
injr and diait ing wcre dorae year by year. during Lliis hatf cen- 
lury h and has resicltcd in about iooo published charts T Asrton^ 

[ 624 ] 
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them 500 are original surveys of Japanese waters and ap- 
proaches; the others are translated or compiled from various 
sources. About 10 years ago other rescarches were under - 
taken by the Bureau of Fisheries of the Department of Agri- 
culture and Commerce, Systematic invcstigations of the cur- 
rettts, temperature of water of various layers, amount of salin- 
ity and other features are in progress in the neighboring seas of 
Japan for the special pnrpose of developing the fisheries. On 
these subjects Prof. Kishinouye will give you some Information 
in the section meeting, I am also very glad to infrom you that 
we have established a marine observatory in Kobe, It will 
begin its work from this year, and I believe that it will give 
many advantagcs to navigators as well as to men of Science. 
I hope that the future cooperation of this work witb that being 
done by other countries will promote scientific knowledge in the 
northwestern Pacific. 

I can not here omit to say that the utilization of charts is 
nowadays extensively developed. Scientists, especially physiog- 
raphers study these charts before they treat the topography of 
coast Jands. The features of these lands have in general an 
intimate relation to that of the sea fioor. One who looks upon 
a lofty peak of the great mountain chains surrounding the 
Pacific will not neglect to look down to the abysmal depths of 
the profound troughs along the coast. Geologists will investi¬ 
gate the nature of the bottom deposits, Tuscaroro Deep, 8500 
metres in depth, and Nero Deep. 9636 metres in depth, are per- 
haps of no use to the navigators, but they are of great interest 
to geographers and geologtsts. Fishermen will leam from a 
chart the existence of a certain shallow bank where abundant 
varieties of fish are gathering. They will also seek on the 
chart the position of currents which afford a living place for 
the migration of fishes. Cableships will easily find on a chart, 
a submarine plateau, which is suit abi e for laying down their 
cable. Charts are no longer for the use of navigators only, 
but they are used extensively by the public. Our hydrographic 
office has prepared already for this purpose cheaper and portable 
prints on thin paper. Many teachers use these charts for edti- 
cational purposes and it is not uncommon to find these sheets 
in travelling cases of school boys on their summer vacat ion. 
The charts were made formerly for navigators, but the ex¬ 
ter sion of their use will require some improvernent of their 
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eontcnts, especially on the descriptiori of bottom deposits. I 
will discuss these speciai points in the session of geography 
this aftertioon. 

[As presented at the Conference this paper was illustrated 
by many charts and diagrams showing in detail the character 
and extetit of oceanographtc work jn Japan .—Cctnmittee on 
Publication.} 
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OCEANOGRAPHY AROUND AUSTRALIA 


Bv Geo. W. Halligan, Late Supervising Engineer 
and Hydrographer, New South Wales 

(Presented at the Invitation of th? Committe? on Program.) 

The work done in exploring the surface, subsurtace and 
tidai currents, and in investigating the tidal phenomena around 
Australia, since Captain Cook took posses sion of the east coast 
in 177#, has been very sporadic; no organized seheme for carry- 
ing out this most important work has yet been attempted. Van- 
couver who entered and named King George's Sound in 1791, 
Flinders and Bass, who extended the discoveries of Cook on 
the east coast in 1798, foliowed by Murray in 1802, tcok care- 
ful and reliable observations at tlie various places visited by 
them, During 1802-3 Captain Matthew Flinders in H. M. S. 
Investigator explored the coast between Sydney and tbe Gulf 
of Carpentaria, and completed his retnarkable voyage by sail* 
ing completely round Australia. About the same time the 
French cxptorers Baudin and Freycinet in the Geographic and 
Naturaliste examined the northwest and west coasts. The 
northem and northwestern coasts were charted by Captain King 
in 1820-4. followed by Captains Wickam and Stokes in 1837-43 
and Captain Denham in 1858. Since 1872 the Admiralty has 
carried out detached surveys, mostly on the north and north- 
west coasts but a large part of the shores of Australia are stili 
very imperfectly charted, both as regards the outline of the 
land and the trend of the currents and tidal streams. Beside 
the above named a great number of isolated observations of 
the directiori and velocity of some of the surface currents bave 
been made by chance visitors or exploring expeditions at odd 
times, such as Captain Sir James Ross in 1841, the French 
frigate La Venus, in 1832, Captain Wilkes in 1840, H. M. S. 
Challcnger in 1874, tbe U. S. S. Tuscarora in 1874*6 and H, M. 
S. Gaselk itt 1875. 

The splendid work, thus briefly epitomized, provides iis 
with sufficient information to outline in general ternis the trend 
of most of the oceanic surface currents around Australia, and 
provides a groundwork upon which subsequent in vestigat ion s 
may be built, But it is necessary to remember that the observa¬ 
tions were confined, in most cases, to one season of the year, 
so rhat the results must be regarded as applying to that par* 
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pcntaT time and place only. It uri II be evulent that, From Elie 
paucity ni tlie observatione available, any conclu&kpns armet! 
nt. «nutemini the ucean currente araund Australia be 
reparded as mare or IcSs loiltative, -A dtal af time and 

eiirrgv has l)een uselessly expemkrl in the tmlcavOT to .a?temm 
the -tlrift oi ocean currents, hy throwing bottles overbcard, eacti 

contaiiiinj; a mernonirdiim seEcitig’ for(h the locality anad daic 
<;>f llw sr^rt tlteir -VCCim JoiMT^y. At £*OH £uhsequem date 
sotik of the se are iound on distant shorcs, and are fnnvarded 
to tlie ?ender*, who compara tlie distance and dircvlkin fr^vel- 

kd Fr^m a coinparisoft the date* and a kTMwkdg* of the 

shortcsi; dbtencc bctivecn ihr startitig poini and the place wbctc 

tlie licittie was pickerl up. Tlie information ^ained may reprc- 

senr io sorne extert the dircction cd the dflrnLnant winrl be- f 

iween the iwo pninls nained. but obviously is no indicatior of 

any valne as repartis oceanic currenls. Strange to siy l!ie cu^ 

trtin i? ili canti tiucd, liat ar? the reculte are not otily erronei ^ 

but di slinttly rnh Icarii li.^. the pr ad i ce sbould be sCc^-pi^cd. 

A pri>|>nsal is imv hefore the Cornmomwealtli Gowemmeflt 

to e^LTrv nui |ll^ piorlcvTi 11 ^ 'YQTlfS in CPtUtCCtlOP wi^Jl -o^eanie 

current aml tidal wi-irk armuid tlie eonstinent, from a sinat! krtch 
of fliniemsiiins filioiit fi o feet by 16 fcet by 8 feel dra.fL The 
antli^r offers to suppi v all ikc nctessa ry scient ific e*joipineilt 
and hb y*wi\ *fTYLL L i> j _vrstrs free ol cost, \i the OOTrmmeTit 
^ill ]irL>vide tlie vus^trl and the ixqnired crew- 

J Iit- pmuarv- nliijs^rt ni tbc cjcpcdihoTi wnIT bc the Lnvesti- 
£MLi>ii nf the fK'wvn cnrreiiis. and this will be done by observa* 
tions H.f tlw temperature, s^tinity and densLty Q^ the waler an 
stet ion lineit approximat ely nornial to ihc ct>aj;t- ac intervils 
dqjL-tnlfti^ iifioit the- rkptb and of t^e oraan bed 3 n 

tlie vidnity: ^nijilcs of ihe plankton. nekton and Tfiarin^ algae 
uill he colUzrtL-rh and CMtniined 011 board, as the infontialion 
inc^l from sueli s^inrcrs i?, oflcrti the tn^osit imporiant factor an 
deleniiinin^ tlie on^tn am! direclitin of flow of «occan cnrrcn!.*., 

The lenulli of ilic sevlionft ivil! prol>ab]y vary from _go to per- 

liaps 200 and tlie tlepths from io to lOoo fathams. 

The vessct tvill 8 k- rmn-cti fix^m north to 5onth h or from 
cast to wrst of ?hc continent, as tlie conditEons becoine favor- 
aljlc nr otlicriviK^. At preseiit it is only twssible to say ihat 
very 11.111 e c^c-abkigrapliiral work witl 1>e dnne withln ikc tp->pjc^ 
btdrwii tlir 1 im' i 1E]'i i>i Xaveiiihrr tft Aptril. wherepis tliat pertcnl 
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n-jt3 piobably bc foiind to bc tbe mo&r favorabk on the ca&t, 
wutheast, and part of the sonth tuaris. 

J propone i* exptore tharotighly the iurface, subsurface, 
moviBoona.1 and liihiL currente vrhere such exist, niaEiily oti tbe 
tities &k>pt£d bj the OpaWtfkj^, ^nj Tliifdrtfrtf *x- 

petlitiotis usirg ol course., the most Lip-to-date instruments and 
appliances, 

The inveiiigitton of t!ve Lirtal phmomena from Great Sandy 
C-ape throagh Ba$? Struit t* Cape Lcetiwirt will probably be 
foutid to be comparatively simple, but within the gr-eat Barrier 
Reef and on the ntmh, northwcat and we&t eeasts sonie diffi- 
culty Li antiiipatcd. It will litr* hc &ec«sary fco different Late 
bctween iiic oceanic and the tidal curraus. and tlie irulrafts and 

aut-rlrafts at the mimetous tfiilfs and bays cnus< be stuJietL 

A. carefiil i nvratigalion of the po&itions of the tide-giii^es 
u^ed ori the coist siLrveys will "b^ mad^ in ord^r that accurat*- 

eo-tirid 1 LtiM may lie dfawn ^mund Australia, Vp to the 
pmett tM-hin# appr^hiiig; accuraty ia this important anatter 
lias Ixwn aitaincd, and it i& anticipate*! that the examinatiori mw 
projectet!, will help to deiermiiie whidi of tlie rival theories of 
llie origiit of rhe worirl tidal p!ienr>in-ena is correct, 


Digitized by Lioooie 


Origine I from 

HARVARD UNIVERSETV 


50ME 15-FFECTS PRODUCTE BY CQMMQX cHaXGES 
IN! NATURAL WATERS 

Bv R . C_ Wells 

The chara cteristks of natural walers. F m so far as ihey arc 
du* Iq fffhcr sub*uuce& th-an pure wAttrr p can uaually be as^ribccS 
to two factori first, the nature &f the ccntaintd materni and, 
&econd p the quarcity in unit voliime, ot concentmion of rh-at 
maleriaL Qn ^rcml examinatiori it appears rhat thc stcond 
factor, the tcinccntralioTi cf containcd materiat, is the principal 
factor to be consi de red h irtasmuch as nwst waters oontain ai 
leasi trices of ali the commoti constituente, from xvhich it fol- 
lows tlial the mere pr^s^nce of a c^rtain cuJi&ritutiait i$ genera Vy 
oi lema signi ficanct ihan thc ^.ifMKtot of it 

Whcti natura 1 ttattrs remain in cuntact with the different 
fcintls of matter that niakc up the eartlvs crust tbey tend io bt- 
come saturated with the vmous constituent s with ■whjdi thry 
conte in conlacl. In seme case* the materia! dissolves £o as 
lo be recovcirabie, tike common salt* in -other cases it is pr- 
eialljr ^lecomjM^cdj likc fcldsp-ar. In some cases the rate of 
&oluti[>n or dccomposition is rapid, and iri other ca.&es skrv. 
Mc-anwhik as Chemical action goeH on, physacal cliangcs -occur- 
The principal changes of this ju>H arei (i) the water is wimrf 
or cocilcd; (i) it is concenlratcd by evaporatbn h or dilutcd 
by ^ifresli 11 water;, or (^} it mixes with another water. 

Certatu effecta of Lhese Ctirttition physica! chan^cs axe fa- 
milia r lo everyone, sudi as thc solution or deposstion of simple 
snk* and the fori nat ion of chcmica,] preci-pitates. Qn the other 
lintiil, niiiiy invchtifatious in physical rhemLstry are cu-n^tantly 
in progrtH,s which, aLlhoicgh ihey are merely extended njuandla- 
live studios of similar changes under definite cofndirions h are-mt 
widcly known and yet ha ve bbvXPU5 jfcPtogic applica ticn. Th'^ 
fari wmikl seem to f ustify su.ch dibcussion of the subjeci &s a ttngle 
sliorc pa[?er will pertnit. 

KFPF.CTS OF TKMFERATLRE CHAWCtS 

ri^e in iein pera ture increases Uie soluhility of rnest siltfi 
in w^aier. The salubility pl chbrid^ ht?wev®r s dwi nft 

chanpe greatly with temperature, ivhile the ^luhility of soiwe 
sal*s ilecr^a^, <|oes al&o the ^lubiliiy of witfi a rise 
of le-mpcratun-. One of thc most iiitefestSrig ases of the lattc t 
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behavior is that of calcium carbonate held in solution by an 
excess of carboti dioxide. As carbin dioxide is more soluble 
in cold water than in hot water, the parital pressure of the gas 
remaining constant, it follows that more calcium carbonate can 
be held in solution in cotd water tban m hot water, other condi- 
tions being unchanged. Thus in water in equilibrinm with the 
atmosphere I find 8r parts of CaCO* per million at o°C as com- 
pared with 60 parts at 20° and 40 parts at 47 0 : that is, the 
solubjlity is halved in passing from o° to 47°, This rauge is 
just about the extreme range to which sea-water is ever ex» 
posed. The effect on the solubility of CaCO s is greater than that 
caused by a five-fold change in the partial pressure of COj in 
the atmosphere, e.g., from 1 part to 5 parts in 10,000* In 1916 
1 suggcsted that the water of the Mississippi River, which 
fljws southward, and therefore increases in temperature, should 
tend to become saturated with, or even to deposit CaCO a tn 
its course, and such analyses as are available appear to confirm 
this observation. In the ocean, likcwise, one would expect that 
CaCO i( is bdng constantly transferred from the colder to the 
warmer regions. This action is influenced by several other 
factors, however, that are difficult to evaluate. For example, the 
water must lose its C 0 4 before the CaCO a will tend to deposit, 
and there is apparently no way in which C 0 4 can escape from 
deep water that never comes in contact with the air in its prog- 
ress from the poles to the tropical regions—no way unless living 
creaturcs act as carriers. Moreover, even if CaCO a is trans¬ 
ferred slowly in this way, the effect is more or less obscured by 
the effects due to mechanica! agcncies. 

Lastly, in any case one rarely has to do with mere Chemi¬ 
cal precipitation—although this has been proved to occur in some 
loca liti eS"but rather with precipitation by organic agcnts. 
I,. J. Henderson has found that some kind of organism is gen- 
erally employed in any change of Chemical potential however 
slight, In other words, before the extent of supersaturation 
becomes sufficient to produce well formed crystals of inorganic 
CaCO s some organism seizes on the material and secretes an 
organic product The physical chemist can point out tendencies, 
but the final adjustment becomes a problem in biological chem- 
istry, However, in some sea-water that hacl remained sealed 
iip for several years in glass I was able to identify a slight pre- 
cipitate that had formed as aragonite. Presumably its formation 
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was taused by slow a-tuck of the g 1 as-n p thc alkaJi gl wbiclt 
woald bc ex|>ected f-iiV^t 1 thc depO&itrtri of calcium daffc&nale 

The efFect5 cited for Ca-CO* miist be similar for WgCO, 
or for dolomite > bui iei sptte of several attempts. I bave not Iccii 
aMe (o gct egckI solubilkjr data for tlhe magncfiium cottipoiind*. 
Itawevtr, E, \Y- Chrke and athers ^ave 5ta?wn a mc^t Inter- 
tstintr re-Iation leariTig: on this p&in(< viz.—tliat the propnfium 
i?f Mg to Ca in carlxmaie dqradled by rttenl organi miis varie* 
fiVHti spteie^ i* sfNcetcft. Tht ttiid {ontribtugr* of Mg sit ihe 
fnramiTiifcra.. raltaiwus sponges, aJcjoiiariaris. ccbinodtum, and 
ctTEain CTiistaceaiis. Moreover tu any oue oi these groups ihe 
rasio of Mg to Ca is higher die liigher the temperature nf 
t fii; waL^r -i ii tiliich tht organi sm^ gr^iv fc Tho^ fgr ^hf crinonds 
tlier perremaipe of magtivshim c&rtofLflte rances from 8 to 12 
per ccm accurri i ng to tlie lempenature, 

.V prolil em on wliicli quanti Lati ve data wotdd lie wdeome h 
ilie qnestion udi-cthcr tlic ligliltr dementa are in fiet bring 
very- sluwly t ra nspOTtcd by ihe amendes under di^cusston froni 
lwalities hathed by cold urat en* to localitEes. w liene warm valere 
prevail and from [lie riepths of the oceam In sea ievel. If thi* 
n-eenrs ii appears tbat we ha ve h ttc a factor thuLt might be 
worlli eotisiilering in aticmpiing to tTacc the riireciioi of i^ 
■-IflH-c afli msUnei:ts. It ^ecms to be generally held t liat the ijrrft-t 
ilccps <rf the occa.ii ha ve maintaiued approximatdy rheir present 
posllHin through niauy ^colopic j^riods whereas the Continental 
fonnmms liavc very ■rcuerally beer under sea level at *>Eie time 
«*r ^nntlicr. %Vliatevcr «tlier resulis niay have liwn prcnliK^d 
hy tlw a^ency mjguesied it appeaf-s thstt it must cor tribute s^aw- 
wliat to ttic Imulingf of tlie cna^tal i>r sliore ar&ai in many platrs 
V^pcCiallv i*i tl ic (rrrpacs, 

Kf^te^ra di- cji iyof^ isr co^CKS p Tft\Tin s 

It s^fltvcly nccirss Aty to enent loii that ^olutioiis tend 
in sartis tlic sfiiiiratert ciiti ditior on conecti traiion and away from 
it ■ >i k hMIiiuhih witlt ]>ure water, Wc are accusiomed to ihink 
of the atniosphere as the- chief reservoLr for evaporated moistsirt; 
hui q» si I-ullctiii tfic Ihiitcd States Geckigical Survey puh- 
lidied in njl^ by R, ^ r . Mills ^nd ttiysclf, we disctssscd the 
c^iiTlitigii itiidcr \y \ikh ii^iBir^l yvlII oause evaporatjmi even 
as defitlis- Exj ti-ridiu^; "js may afTortl the necessar-}- ^psee ^ 
ransc fiufTicicJit cvsLiHiratvHi to do$r tip gai ^clls viith sa.lt. Ii 

iL]i[ieirs t lucii -imi lar accii ni wo itlcl «KXUr ev-eu nir>re casilv a 1 
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great depths on account of the higher temperature. The geo- 
logic effects to be expccted at depth mu st depend greatly oti the 
relative quantities of gas and water. Wherevtr the volume of 
gas reaches the order of the volume that the water would occupy 
as vapor the phenomena of evaporatioti, such as the occurrence 
of salt, are to be expected, This may in many cases explain 
the very commori associat ion oF sait with natura) gas and Pe¬ 
troleum accumulations observed ali over the world. 

One of the oidest properties used to characteri ze solutioris 
is their reaction to test papers* or indicators. In modern ternis 
capable of expressing quantitative relations this means their 
hydrogen-ion concentration, The ions of pure water, which is 
a neutral substance, are H+ and OH — . Solutions containing 
substances that develop more hydrogen ions than does pure water 
are considered to have an acid reaction, Sitice the product 
of the two concentrations [H+J [OH - ] is a constant quantity 
Solutions having an excess of hydroxide ions, i.e. alkaline Solu¬ 
tions, mu st necessarily have a deficit of hydrogen ions, so that 
a statement of the hydrogen-ion concentration suffices to char- 
acteriae any solution as far as this particular property is con- 
cerned, which, however, takes no account of the quantity of sub- 
stance present causing this property. 

Let us consider hriefiy the effect of changes in concentration 
on the hydrogen-ion concentration of certain Solutions, Alkaline 
waters containing carbonates are extrcmely common in nature 
and similar waters containing sutfides fairly common. These 
two classes of waters 1»ehave stmilarly. The effect of dilutiori 
is to make them more alkaline (owing to hydrolysis) ; con~ 
versely, on concentration they become less alkaline and more 
acid. This behavior has becn fbund as the resuit of laboratory 
study. In the field there are complications that may modify 
or completely reverse these effects. For example, natural waters 
are not dilutcd with pure water, bnt with water containing 
a iittle C 0 2t w T hich tends to coiinteract the alkalinity that would 
be caused by clilution. Again. on concentration, natural walers 
generally lose part of their dissolved CO s or HjS, thus tending 
to bccome more alkaline in oppositiori to the effect caused soiely 
by concentration. These examples are sufficient to show what a 
complex and mobile phase a natural solution is, subject as it is 
to almost infinite variation caused by changes in pressure, tem¬ 
perature and the concentration of ita eonstitucnts. 
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EFFECTS OF ADMIXTURE WITH 3ALT WATER 

Starting with dilute alkaline sulfide or carbonate waters of 
the kind just considered I have found that the addition of soltd 
salt to them makes them slightly more add. When the salt is 
added as a soluticn, however, as happens when fresh water 
mixes with sea-water this effeci is again more or less counter- 
balanced by the change of volume. In genera!, after admixture 
each constituent will have a different concentration than it had 
in either water before admixture. Thus when one volume o: 
average Mississippi River water unites with one volume of 
Gulf of Mexico water the molecular concentrations of the sea- 
water constituents are about balved, as illustrated by the figures 
for the cakium and chloride concentrations shown in the fol- 
lowing table: 

Concentration changes on mixture of equal volumes of average 
Mississippi River water and Gulf water. 


* 

[Cll 

JCa] 

[Hccy 

Mississippi w T ater 

0.0029 

0.00077 

,00186 

Gulf water 

♦545 

.0108 

.00202 

Mean 

.274 

.0058 

.00194 


The bicarbonale concentration, on the other hand, is abotit 
the same in hoth waters. I have cvahiated the carbonate-ion 
concentration of sea-water but unfortunately no data are avail- 
able for the river water so that it i$ impossible to compare the 
“solubility-produet" values of calcium carbonate for the two 
waters. It would be somewhat difficuh to make the necessarr 
evaluation for the river water but I tbink that an attempt should 
be made to obtain at least an approximate figure as it is only 
in this way that furtber advances of a quantitative nature are 
possible. 
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FHYSICaCHEMICAL IN VEST1GATI0N OF THE 
WATER OF THE PACIFIC QCEAN 1 

Ev R, C s \V1 ll5» 

Mosl wrcters on s«a wafcr tonk nc ibtmselv^s watti a s-late- 
mcni uf the- cssential uniiomtity <if th« tompoeitioti of the 
oceanic salts r althcm^h admateing oF course a considerabit varia¬ 
tiori in the eoncentrati-on of the salta. AtthougJi this djoubries* 
rcpres^nt* the situALiou vcry nearly, lliere ia liLlk availabk 
cvidcnoc Io show whtthcr ur not &li^ht diffdfilKiS exist betwetH 
ttie wateris of the Pacific and other ocean watm. Soine differentes 
ha ve been inentiomed !n tlie lit erat ure; For example, BuchanaiPs 
determinationis aF lijilf-boiind ca.rbon tlioxide ruti lower for 
Pacific watcrs than for Atlantic waters- of th sam.tr temperatur*. 
The connectLon of the Pacific wiEh other oceans is greatesi with 
that tif the I nauta ocean south of Tasmama, leas with the 
Atlantic -u*uth of Caj*e Horti and wfy digfht dsewhere, so 
that it is not rcascnablt: to expect &hat the Pacific may ha ve 
sli^ht characteristics of ista own, e speciali y as every ricean "ha? 
variatiori* of salinity, dissolved gases, temperature, and dcnsity, 
mtllfat i Es own basiiu 

Just as hydrographk data on the depths of the Pacific are 
reJatively scanty, data on the temperattlft, sallnities p dissolved 
gjises, ete.p are even more scanty,, so that estimates of the voiumc» 
mean temperature and other charae teri st ics of tli-c Pacific can 
not lie corasidered all accurate, Scrnic defternti-nattttns *>f the 

.salinitlcs and hydrngcn-bn contentmiciis of Japanesc w^ters 

have ficcri macie by the Burean of FisheTies. ol japan under 
directi On of Prol Kistiinonye but the resui Es do not seem to 
be known as yet in the laterature. Iii addition to ihs$. %vork 
ih-e-re are the reeent paper^ hy McEwcn and Mayor and the 
oJder wtjdc <}£ Mtirray, 

The wnter was abJe to make a fe-w detenriLnations of the 
hydrogetWcn conccntr^tion of Pacific Ocean -water on the irip 
from Hot-oIjLu to San Franci &co in Aug-nst,. 1520, usin^ the- 
indicator cresol red and iitandatd color tuhes who&e "hydrogt^n- 
iou cg ncenr ratjous liad hecn detf rtnincd by electrornclrk rneasure- 
rnents in the Chemical IsUiratory of the United States Geo- 
i^gical Siir^ey at Washingtonp D, C- Tht rtsults arc given iit 

'CtsntribkitesJ by prrmi^sifon -of the DirtciOT of the United Sifites 
Gfological Survcy. 
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the accompanying table, in which the temperatures have bcen 
corrected by an accurate thermometer. 

Determinat ion of Hydrogenion concent ratioris of s«a water made 
between Honoliilu and Sati Franciseo, August, 1930. 


Date 

Time 

Location 

Teitip, 

°C' 

Ph 

Refiiarks 

Aug. 

5 

10.00 am. 

Two miles oflf HonoJuIu 

L 

26.4 

8.15 

Fai t 

Aug. 


4 30 p.m. 

22*30' N 

136*40'w 

26,3 

8.13 

Cloudy 

Aug. 

26 

7,30 a.m. 

23*40'X 

153*50' w 

255 

«13 

N.E. wind 

Aug, 

2 6 

2,30 p.111, 

25*oO'N 

132*00' w 

249 

8.08 

N.E, wiml 

Aug. 

27 

1,30 p.Ttl, 

28*50' X 

146*20' w 

23 9 

W-17 

N.K. wind 

Aug. 

28 

7.45 a.m. 

30*40' N 

142*05'w 
140*20'W 

2*3.4 

&14 

N. wind 

Aug, 

sS 

[ 40 p.m. 

31 e 4o' X 

22.0 

8,13 

Less wind 

Aug. 

2Q 

lo.jo a.m. 

33*40'X 

135*05' W 

20-8 

R08 

Smooth 

Atig, 

29 

i2.oo tioon 

33' 50' X 

134*4«*W 

. 133*05'W 

21.0 

R05 

Smooth 

Aug. 

29 

6.00 p.m. 

34*25'X 

20.6 


Smooth 

Aug. 

3° 

8-45 

36 * 00 ' X 

1*8“ 20’ W 


R io 

Smooth 

Aug. 

30 

4.j0p,m, 

36*50' x 

127*00'W 

l6. t 

8lO 

Smooth 


It may be stateri that these Ph determinatione appear to 
ruti somewhat lower than thosc recorded by Mayor (Proc. 
Amer. Phil. Soc. p vol. 53, p. 150. 19 rg), but the slight variations 
are exactly similar to thosc fmind by him. Oti the whole thcrc 
is not tbe variation with temperature vvhich the writer had 
expected to find. The average of ali det er mi natioris is 8.11. 
Hcnce as far as the evidence goes it appears to indicate a mo- 
notonous uniformity in the quality of the water, undisturbed 
either by adjustments with the atmosphere according 10 tem¬ 
perature or by regional piant or animal processcs, 

The water collected Aug. 5, 1920, outside Honolulu harbor 
was found to contain 0.0884 grani carbon dioxide per liter and 
the alkalinity caused by carbonales and bicarbonates was found 
to he 0,00206 equivalents per liter. Unfortunately, however* 
it is not absohitely certain that the water was not somewhat 
affected by its transfer to Washington in a metallic Container 
and it would bc better to rcly 011 analyses made nearer the 
sotircc where possiblc, with the objcct of avoiding any error 
cati sed by the coiitaining vcssel. The above results agree es- 
sentially with those found by the writer for water of the Gulf 
of Mexico (Year Book No. t8 of the Carnegie Institution of 
Washington, p. 195 'l. althougb the carbonate titration alkalinity 
is sligfttly lower. 

In coii clusi oti it may be remarked that the Hawatian islands 
are very favorahly located for the sttidy of sea water, as mi- 
usually deep water i^ to he found within a day's run frotn the 
eoa st tn severa! ilireetions. 
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STATUS OF AREAL GEOLOG1CAL MAPPIXG 
IX THE PACIFIC REGIOK' 


INTRODUCTIO N AND NOTES ON ANTARCTICA, 
OCEANI A, THE EA ST IN DIES, MALAY PEN¬ 
INSULA AND FRENCH INDO-CH 1 NA 

Bv T. Watlvxd VaiTtHaK 


EN-TEODTitzri-nS 

To those anterested in the his-tory of artemp^ to campi le n-r 
lo have coraipiled geological mapfi of ihe worlcl or of large pam 
of tbe vrorld, frhe addre&s Emmanuel de Marone entitled 
“The peokvgical map of the ifflriri," 1 dclivered btforc tlic TnteT- 
national Geolagical Ccmgress at rls Toronto mcetirg, is of piT- 
ticnlar irnpnrtancc for it is ati eM-cell«it hktory of the attempta to 
compile sush maps a^d f^v^s a of the tfatm die 

g^olo^ieal tm-p af the world ira 1913. De Margeric in ttus 
address advotattd tht prrpamtkm of geologica.! mips of Asia 
with its outlvinpr islu nils, Africa, South Amenta, auri Australia* 
“eich ivith its qivti projectkm ccntcr. dra-wn cm a imi fonti scate 
of 1.15,000,000., and follawmjj broactly the limes of tbc Ccolngical 
Map of Xorth America/ 1 compiJerl by Bailey Willis au«l George 
W, 5 rose. It is gratifytng io gcedcgisi? in ^etieral dia- so nincfi 
pragTEfls has becn made in gwlngncal rnapping *iftec ile Mar- 
gerie tlelivered his addrtss, There bave l>ern p-nhlisdlttl gwlog- 
ical maps of large areas, uncli as diat of Western Australia wi el 
scalc of i:3 f i6S,ooo by Gibfo Maidaml; ihat of the Dutcli East 
Indies om a scale of r :2^oo m Qoo r by AWnd&rion; of paris of 
Cliitta by the Tckyo Geographica! Society am| tlie Chlncse Geo- 
logical Survey, under tht direeti^n of Dr V- K. Tinfi - . i* cngagwl 
in ^xtending getjtogical bmwledge of Lliat repuMie. The qi h iih'£- 
ical map of Bt&zsI by Bramicr is on a scale of e :.5,«mv£®o. The 
total arca of South America, tic-cftfdjra^ io the CcnttEfV Atia*, i£ 
abouE 6337,000 squarc miles, wliile (hat nf iSra^il is alwut 
3 H ^io r ooo or only abont 300-000 &tju5vre miles Icsh tlian half iltc 
total area oi South Am&rica. It is pml*able that liiost the 
(fata nnw ^-vaitahle for pLilling luto etfect tlie sng^esiion -of 


'Canit- Ktol. Intcmat» 
i? 3 rtS?. rp 14. ' 
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de Margerie for maps of ali the oontinents on a scale of 
i 000,000, 

There are certain suggestions in tle Margerie’s address that 
need to be emphasized. Two of these are contained in the fol¬ 
io wing quot at ion s : a 

It is desirabie to discriminate by means of appropriatc symhols: 
(i> fresh water or subacria! dcposits from those which are of marine 
origin; (a) districts where the strata have rcmained tm disturbet! from 
regions where they are more or less mtensely folded, 

With regard to a geological map of the world on a scale of 
i :r,000,000, de Margerie* says: 

The experitncc gained in preparing that Geological Map of 
Europe, botli as regards its elaboratiori and its publication, has shown 
that it would he utterJy impracticable at the present time to extetrd 
such a large scale < l :l,500,t3txj) to other parts of the globe—not to 
speak of the scale of i:i,000,000, which is becoming the Standard scale 
for purely geographical purposes the world orer, according to the 
plan origtnatcd more than twenty years ago by Professor Penck. 
That scale of I :l ,000,000, submittet! in 1910 by Dr, G. 0 . Smith, Di¬ 
rector of the United States Geological Survey, for the approval of 
the Stockholm Congrcss as the scale for the future Geological Map 
of the World, was unanimously rejectcd, as you know, without regard 
for future conditions. 

Every person informed regarding the matter wil) admit that 
to construet a geological map of the world on a scale of 
7 :1,000,000 at the present time is an impossibihty, for the neces- 
sary flata liave hcen acquircd for only a minor part of the earth's 
surface. It is a safe assumption, however, that every geologtst 
wishes that there were such a map and hopes that some day it 
will t>e constructed. The formulation of a plan for the realiza- 
tion of that hope and striving for the attainment of that ideal 
seem reasonahle, although niany years will certain ly elapse 
before the desired end will be achieved. In fact, there will have 
to be fairly rapid progress to ha ve such a map fifty years hence. 
But for considerable parts of the eartfTs surface the data are 
already availahle for a 1:1,000,000 scale map. Almost enough 
data have been accumulatcd to map the United States and most 
of the West Indies on that scale; a map of Japan has been 
published on that scale: and much of Australia has been mapped, 

It was with conscioiisness of the magtiitude of the under- 
taking that the members of the Section of Geology at the Con- 

a de Margerie, Op. cit,, p, 180, 

'Op. cit., pp. 176. i-y. 
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ferente in Honolulu passed the following resolution which was 
later adopted by the genera! Conference (See p. 40 of this 
volume) : 

Since it is in the interest of Science and of value in the development 
of the natura! resourges of the different countries concemed, be it 

Resolved, That the following maps of the Pacific region on the 
in te mat ion at scale of i; 1,000,ooo be completed as expeditiotisly as pos- 
sibte: (a) A base map showirtg by contours or hachures as many 

topoftraphie features as practicable; (b) A map showing geological 
formations or groups of geological formations; (e) A map showing 
mineral resources. 

Since that part of the resolution relating to the base map 
seemed to belong more properly within the scope of the Section 
of Geography than 'within that of the Section of Geology, it was 
referred to that section for further action; and because areal 
geological maps shotild precede maps devoted to economic geo- 
logical resources, attention was concentrated on areal geology. 

But before proceeding to the discussion of the compilations 
011 areal geology it is desirable to mention several compilations 
on economic geology. They are the Iron Ore Resources of the 
World, 4 the Coal Resources of the World, 6 and the World Atlas 
of Commercial Geology now being published by the United 
States Geological Survey. Part 1, Distribution of Mineral Pro¬ 
ductiori, of the last mentioned publication has been issued. 6 

As a preparation for the endeavor to advance areal geolog¬ 
ical mapping in the lands of the Pacific region a resolution 
favoring the compilation of data showing the present status of 
areal geological mapping in the region was adopted, The fol- 
lowing geologists were requested to arrange for compilations on 
the areas following their names: Dr. J, Allan Thomson, New 
Zealand; Mr, E. C, Andrews, Australia; Dr, N, Yamasaki, 
China, Japan, and Korea; Dr, W. D. Smith, the Philippine 
Islands; Dr. T. Wayland Vaughan, Oceania, The East Indies, 
and North and South America, 

As soon as possible after their departure from Honolulu 
the members of this committee began obtaining the data re¬ 
quested. At Dr. Allan Thomson^ request Mr. P, G. Morgan, Di¬ 
rector of the Geological Survey of New Zealand, prepared a state- 
ment on New Zealand, Mr. Andrews enltsted the cooperation of 

*Cong. geol. mternat., Stockhclm, 2 qto. vols. and atlas. 1910. 

*Cong. geol. internat-, TorontO, 3 gr. 8vo. vols. and atlas, igJ3. 

‘Atlas, qto., 13# by ioj 4 72 PP. 7 2 pls„ 4 full page maps, 
Washington, igat. 
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Atessrs.^ W. Bara^viinth h Director of the GeoloRic^,] Survty A i 
Victoria, Loftus Hilis. Governtiient Geofogisl of Tasmania ; L 
Kcith \\ f ard. GovemmcTit Cralo^isl of South Australia, and A. 
Gibb Martland, Government Geologisi of West Australia. Mr. 
Andriu s-hjmseif naturally -prepar-eil lite data for New South WjJes 
as he is the Government Gcokigist for rhat State. Un foflunatelv 
nn dato ivere necerved fram tbe Govcmmcr t Geplftfift fll Qu ratf- 
]and; lherefoTe H I ha ve attempied a compilat ion for at. Dr. 
AVarrrn D. Srnith has fumished & statement for the Philippine 
IsJsLtids; and Dr. M. Yatnasaki prepared a fttaterneiit, illustra ted 
1 yy a kty mjip. for Japan. Kofeo and China, After my rctum 
to Washington r in compltance witti a request I addre^sed to 
eacli. the director s of die Canarii an and Mexiean geologieal sur- 
vcy& agreed. to have compilatione triade for Canada and Meirico. 

The stMemwt far Canada is by Dr, Vietor Dolinage of tbe 
Cana-dian Survcy; s-nd that for Mcsico i& by Stilor Doti Saliar 
SaliiUs, Director dcl Instituto Ceo logico de M ex ico. Severa I of 
iny as^riates witliin the United States Geological Survey kineUy 
o^nsenfed Io help iti the compilat ion _ Mr. L- M. Pr-indle 
stijrpLie-rl n valtialhk ti^t of ^ipolcipira] smaps of Siltf-ria. illufctrattri 

hy a k-cy nup; Coi. Atfred H. Erooks has prepared an autlnrL- 
talire siaiement on Alaslca; and Mr. H. B. Sullivan has pre- 
p^r^l ^ ]is( of ^i-nlo^ical itiaps of South America, illustratui In 
a k*y tmp. fijusilar to M r. Prindle^ compilati on fivr Siheria. 

Ah it \\ r m at first iioped (liat the compilalions. tnighl Iw 
mnipki^l by tfic fir?t Feb-ruary, iqzi. there dirt noi fe-eru 
io hc ^nfiicicnL time for corre sponde nce witb geologislF in ihe 
Dntdi Ea st Indica, the Federated 51-alay States and Frendi 
Itu Io-Chi na ref^anling dic Flatus ol g;e-ologlca! s-qnrtys iti ar^as 
an rin? ivetiem Pncifi-c wtih whieh they ite espedally fa&wjliar 
Vtiifcr tlic circumplices I wrotc to Professor Molengraa ff anri 
Professor Br^u^vcr at Dclh and relicti on their klnd git i dane c 
for thff Dutcli Eait Imtie^ ind hjr Antaanctica T Oceani a, the 
Malay Peni-nstila, arui IPrriiyh Jm]o-ChLna d^pc^ldtd un my 
mi linmvlrriafe of the jreiloBicisl Ii fera Eu re of thesc rediens and 
111*? f.icilific-s nf ihe lihrory of the United States Geokigical 
Snrvey. CorrespondfiTKe wsth Df_ V. K. Ting, Director the 
CliincM Geoloj^cal Survey. was impracticable, I under- 
tc>yk tlie compilati uti for the we^tem part of the United States 
hi u hjil tlic advicc and assistauce of Messrs. Darid AVhit€ r F. L- 
Ransorne, Sirincy Paigc, C. R. Matisfield, and J. S. Ero-w[) in 


Digitized by Google 


Origine I from 

HARVARD UNIVERSETY 



Geological Mapping of the Pacific 


641 


the task. I am also responsible for the statement on Central 
America and the West Indies, a region on the study of whose 
geology I have been engaged for many years, 

The foregoing Ust indicates that the compilat ion here 
presented represents the work of a number of geologists, and I 
am confident that I voice the feelings of those present in Ho- 
nolulu in expressing gratitude to those who have made suc- 
cessful an undertaking of considerable magnitude, 

There were several difficulties in the execution of the pro- 
gram outlined for the compilat ion of the data on areal geological 
mapping in the Pacific region. The first was to deline the 
bonndaries of the Pacific region, As a part of the purpose of 
the geological investigations is to understand the geological 
history of the lands bordering the Pacific Ocean, as wcll as that 
of those rising from the floor of the basin proper, dearly Infor¬ 
mation should be procured over areas extending far enough 
away from the ocean margins to render it reasonably assured 
that ali the needed data would he obtained. Por instance, it 
was deeided to include all of Australia. In reply to a possible 
question as to the propriety of this procedure, it will be pointed 
out that the peculiar relations of the geotogically very ancient 
buttress in southwestern Australia to those parts of the “Island 
Continent" that lie farther east and north are such that without 
due consideration of the gcology of its southwestern part the 
geology of its other parts canriot be adequately understood. In 
Siberia information is presented as far westward as Lena River. 
In North America the eastcm line follows approximatelv the east- 
em foot of the Rocky Mountains and all of Mexico and Central 
America are included. In South America the boundary logically 
should be placed at the eastern foot of the Andes, but as ali 
South American countries except the Guianas, Paraguay, and 
Uruguay touch or almost touch the Andes, although some of 
them do not border the Pacific, data are given for the enti re 
South American continent. India should probably have been 
included, for the Himalayan geosyncline is a key area in under- 
standing the relations between the Pacific and Atlantic oceans in 
past geological time. As so much of the geological 1 iterat ure on 
India, particularly the geological maps, is concentrated in the 
excellent publications of the Geological Survey of India, and as 
those reports are accessible in all large libraries, mention of thcse 
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pilblieitiOEhB Apfwars, tO te SijfteiciU fOr preftent purposek 7 Tite 
treattntnt nf the West Indies was a rause of perplexi ty beta use 
of rte relaiions of the Caribfcean Sea. At presert the Caribbean 
Sea [§ cut off from oomniUTiicaticn with the Pacific: Ocean and 
is in comiiumicatioii with tlie Atlantic- l_Mktd at in sonte w aj> 
t lie Caribbean region may te consiJered as .tepirote from bo:h 
tte Pacific- and Atlantic Q«an5 p but Iwked at in anotli-er way 
it ma_y 1« comsidertd as tekjnging to both. Froin ihe- *tand- 
Ijtvint of the history of the orgamsms m the Atlantic and Pacific 
baSilte and From that of the historv of thnse geologica] feaitiiys 
wiiose age-s are determinet! by means of fossil matin-e or^ait- 
tsms H knowfodge of the geology of ihc West fodies is essetirtial 
The struetural gtai&gy of Ite West Tndics and some of ihe geo* 
logicat pbttiomena exhibitcd thcTe f that are dependent on tcctonic 
canscs arc intirnatcly ronnected with simi lar features in Ctncral 
America, For [iiese. and other rtasons. it h {tornci, advisahlt 
tu include a Htatcment an the West Indici. 

Anothtr difficulty in iTiakin^ the compiktions was tliat ttesc 
ivi io ilthdtrfofrk t ht woi"k wti*f gr^atly scattcred. They were iri 
New Zraliind- Australia, tJie Fhilippine Isiaci ds, Japan, Canada. 
Hic l "nJtcd States, ane! Mcxico, In was not praeiicable while 
«ovc-ml of iis were together in Honohilu to rtraiv up a definirt 
pnoijram lo !>e tollo wed in the presentation pf a-nd a$ it 

iras desired to have the filat enicnis c&fly enough for themi to !w 
pnhlishcfl in the Pnxccdinfts of the Conferente, preliminary 
coTT^pondeiice regirding: the matter was not ffrasible. There is, 
tTirrcfnrc. aome laclc of ironsi&tency in the different statemeiit&, 
This. hcnrever P is not a senous defect. A mo-rc serious rlcfcct 
Itas foecn inafril-ity to consuit retent publicatian$ bccause of the 
interruptiori *>f cotnmiiiilcatjons and the suspensiori of the pnh- 
liCnUion nf bibliographies durtng the GreJit War- Recently 
pLjhtishcfL important 'vorks have bcen reoeiyed in Was hi 
wn. For sttch rcisons there may te omi5ston& of r-eferences to 
impoTtapit Ii teratur e. 

Althonjrh the data lier e premented shcVw that a lar^c anVWttnt 
of genlo^iczil work has been donc in \ht Pacific negion, the necd 
of additional geological strrveys in are^s of vast extent is made 
ciear. Since g-cologicat ^urveys, because of the large expense 
requirerl. depend for succcssful pr-oscctittoii on govemmeiiiaS sup- 
port. it is hopetl tlim tliose countries that do not now posses* 

T W.idia F 5 GcfjlujTr' ot India tot Ehuclrnja is a vzrj conycnitnt 
iumnyuy of the fitotoky of India. 
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sucli iiisti tutiois i msy make provisoris for therrc in tlie near 
fu.tur^. The lo^al goveirtimcffltfa of H?me areas, sucti as islandF 
of srnall population and of no krown gMlogie-al fesotirte* of 
nQtable ec-onomic valiie. cannat reasonably be expeclcd to support 
geologic.il siirvtys; hut sotftt *f th«* Atrea* are $denti(kally 
important hecausc krbowledgc of ihcni is ncedcd for rhe sofurion 
of lafger problems of the rarth 1 * hislcny* Ccoio^ical in ves lima¬ 
tioris in arcas of chis kind, particularly smail idands, wiil neerl 
suppor t froTTi private endowin-cnls ot from the wealthier gov- 
emments. 

A rtview of the data here asscmbled lead* to tlie hope th*t 
^ithin a short time revised maps of the tectouic fealures of the 
Pacific region may soon be prepared. SEr T r W, E. David*s 
pap^r 011 the lectonic features of Australi^* rk 9^ 

tlic Duteh East Indies* atid the studies of Alaslra on urhicli 
Brooks is engpgfi d are acbievemetits of value ancL a fauindation 
of hope for the future, ThLs subjeci is one appropriate for a 
future cnnlerence at which a piati for the wrark msight br ont- 
lined. But the dafchng of the dcvelopment of tna ny tectcmic 
feattires rnust for a considerabk time hc Icntativc. r 

,Ati txamination of the many publi sherl geologica*! tnaps and 
pcmsal ol mtic-Ii nf the IcLrge ■c|iia.ndty nf exlaui litcrature reveals 
the unsatisfaetory condition of many of the geological oorrela- 
t toris wEthin the Pacific region. It mipht be desirsblc to revicw 
the status of gneological correlaticm in. genera l witbiri the f£gi-oil, 
for the prutpose of pcwidiitg for beiter syste-matised work on 
the probWns. involve d. Brief s-nmmaries of tlie corrdatitm oJ 
posi-Cretaccou& formationE in the Pacific regior form a part of 
the present v^Iume^ bnt tbese are not the only tennatrons that 
netd consideralion. 

Tfie three Euggresriojia embcKlieii in the fortg<ini£ 
maj' he snccir-ctly stated as folloivs: 

t, To cn^leavor to stinnolate gcolog-ical smrvcys witliiri iliose 
areas for which data arc deficient and fur which tliere arc at 
prement no pro vis Sons for logica I suirveys. 

To bave rcvi^d i>f slic tectonie fraiures of the 

Pacific region prepared. 

■David h T. W- E,, Note* cn t>f the elii^f Mtlrvnie 1 Ln-o^ of 

AdStraLui: Roy. Sot- New -South wol. 43, pp. 4-6^, i ph . !yj |. 

*Briruwcr h II A., Ge^E. pverd^in iFsm hiit CKHtdijh: vnn 

dtn Owt^fodllschen Archtpcl: J.iarb. Mij 11 vres. Vcrhiind. 46, dccl a. r-(jc7- 
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3, To arr&nge fur a comprehensae discusiion of proldems 
of geologicat correlation within the Pacific regiari in order to 
bring about a better coordination of researdies on &itfh problem*-- 

NOTE OK ANTAECTICA 

5ir T. W. E. David and Rayntood E. Friestly have reeenrtlv 
publUhed a larg-e mono^raph on the (feok>^y of Antarctica- 30 arui 
ii sliottkl be the first 'work consultert b y those ime restet! in the 
geology oJ ihat part of the w-orld. The Iasi chapter in this voiA 
it entitled 44 Notes of the general geokigical relatione of Antiro 
fica to Other ]Nirts of «he Wo*ld. ,J Th^ stwnd ^olvmc on th* 
grolopy of the BHta&li Antarctic Expedit ion 13 contains on page vi, 
iit tlit prefact to the volume, ihe statemen-t ibat it is intende*! ™ 
Ebe near ftrtitfe to publisli a hibUogr&phy of Antarctic gwlogy 
bj W, S. Duti- 

Another vverk. Itarden&kjold'» Anttrktte* 11 iit which a.d ^ 
Antarctica iit treaitd. h of much value. ThLs work surniruris^ 
ffcologrital Information on Antarctica up to 1913. Text figure 1 
is a j^oktgical slcetclb map of Aritetttioa* figiifc 2 is a gcO togtcal 
ntap of northem West Antarctica: Figure 4 b a geologkal skcttli 
map of tlie vkinky of AdmiraHy ^traifc; fi gure 5 is a map of file 
Principal orographic features of South Victoria Land after 
David and Priesttev ; piate 1 is a geoSogical map of the vicinitv 
of MacMtirdo Souiul {South Victoria Land) r after H.T. Ferrer 
Rc^l snn-miarlzcd ihe ge*logk&l f^atnpc?: <?f the Ealkl^n-d 
Islanda, South Geonp^p Cra-ham Land. the Scs-uth Orkney II-sS- 
antis, arui the South Sa.ndT.vicb Islando, and given reference^ m 
!i (era tu re in fi is bo-ok refcered to helow. 1 * 

For the considerabis in format loh available 011 Antarctici 
ireoln^rists sliotild fie gratefn!, but more knowledge of that rcfiifrti 
is stilt one of the preat de siderata of science h fer «Ortly by such 
fcTioivkdge can some of the largit pmhlems of carth Fistory he 
s&Eisfnctorily solvo I. 

w ftsiYbit, T. W. E... and Prsc-stlcy, Ra-)mr>nd E, H Glatioliver, 
CHCI-Jipliy, s.trjrtiftraphy. iccifvnic Rtolo^' ot Sontis Victoria La.nd ■ 

AnciiclLe KstjwO. 1907-^1 voS. I, jiB pp-, 95 |>H-. ^7 

LomJHin. Wi tkirtiinann. 19^4- 

u Contr-ibutto«ii. E i pakcntdoBy and pe-trolcHjEV o-f S«udi Virtnm 
LnlRrl. 

'■ N^riRnHkjutcL, (hm, Aiitnrkibi H-amJb- regifin, ^ 

voL 8 . ix«irl 0 . jtj |»|i . l |)L. (5 tvat Eiitv, m>i j. 

“Emi F. R. C. P of tfi* Fritiih Empki, np. i-pji. 
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CEOLOGICAL MAPPING IN OCEANIA 

A good summary of knowledge of the geology of Oceania 
up to 1911 has been publishcd by P. Marshall. 14 He gives a list 
of the more important publications prior to 1911. 16 Examination 
of these publications and of a moderate number that have ap- 
pearcd since 1911 impresses the fact that except in New Cale¬ 
donia almost no geological maps have been made of the islands 
in the Pacific dcsignated as Oceania. There are some maps such 
as that of Mango in the Fiji group by Andrews 1 * and sketch 
maps are included in some reports such as those by Elschner,’ 7 
Friederici, 1 * and Foye. lft The amount of detailed geological In¬ 
formation on Oceania is surprisingly small and one of the prime 
needs for the advancement of the geological knowledge of that 
part of the Pacific is more attention to accurate geological 
mapping* 

I have not found references to geological maps of New 
Caledonia of a later date than those mentioned by P. Marshall 
in his summary of the geology of Oceania already mentioned, 
but it is my bellef that maps have been pubhshed more recently. 

CEOLOGICAL MAPPING IN THE EA ST INDIES 

The geological literature on the Dutch East Indies has l>een 
listed by Verbeek in the very helpful publication cited below*** 

" Marshall, P,, Oceania: Handb, Regionalen Grologie, vel. 7, pt. 
1 . 36 pp-» 1911. 

“Op. ciU PP- 34 ’36. 

'* Andrews, E, C*, Notes on the limestones and generat geology 
of the Fiji Islands, with special reference to the Law group; Harvard 
ColL Mus. Comp* Zool*, vol. 38, 50 pp„ no ph. r 1900. See particularly 
piate I T a geological map of Mango* 

” Elschner, Cari, Corallogene Phosphat-Inseltt, Au st ral-Oceani ens 
und ihre Produkte, 118 pp., 14 pls., Max Schmidt, Litbeck, 1913. Con¬ 
latus maps of Naunt, Angaur, and Mpkatca, and a few sketehes, 

The Leeward Islands cf the Hawaiian Group, 68 pp., Sunday Ad¬ 
verti ser, Honolulu, 1915* Contains some rough sketehes. 

“Friederici, Georg, Ein Beitrag zur kenntnis$ der Tuaax>tu-Inseln: 
Leipzig Verem fur Erdk., pp. 97-176, 4 pls,, iqu. Contains 2 platcs 
of sketch maps. 

“Foye, Wilbur Garland, Geological observattons in Fiji; Amer. 
Acad. Arts and Sci*, vol. 54, PP- I-I 45 » 1 pt.. 40 figs. in text, 1918. 
Contains sketch maps of southwestern Viti Levu. Navua delta-plain, 
Lantbasa delta-plain, near Vanilangi (Vanua Levu), Taviuni, Vanua 
Mbalavti, Avca, Malatta and Susiu, Thikombia-i-lau, Tuvutha, Lakcmha, 
and X dei ai Yaloi (Kamhara). 

* Verbeek, R* D* M., Opgave yau geschriften over geologie en 
Mijnbouw van Nederlandscb Oost-Indie: Geolog, - M ij «bouwk, GertOOtsch. 
voor Nederl. en Kol* Verhandl,, geol. scr., deel 1, blz. 31-248* Dec. 1912, 
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wbich be has tried to keep up to date by the issue of supple- 
ments. The bibliographic references in this work are not exclu- 
sively confined to the Dutch East Indies as itidicated by its 
title, for ptiblications dii British North Borneo, Portuguese 
Timor, Rritish New Guinea, Siam t The Straits Scttlcments, and 
other otitlying areas are also listed, This is an invalttable work 
for those who need to know the geological (iterature on the 
Western tropical Pacific. 

A key tnap showjng the status of areal geological niapping 
in the Dutch East Indies is given by E. C. Abendanon on his 
Geologische Schetskaarte van Nederlandsch Oost-Indie, 21 scale , 
t \ 2 . 500,000, and it is here reproduced. Ati inspection of this 
map (figure i) shows that although much geological work has 
heen done in the East Indies, chiefly by the geologists of the 
Hoofdbureau van het Mijnwezen, large parts of vast areas are 
not at ali or very imperfectly known. The extent of the larger 
East Indian islatxls is not grasfted by many persons until they 
have had occasion to consider the matter. The area of Borneo 
is 286.000 squate miles; 23 that of Sum atra, about 171,000 square 
miles; that of Java (including Madura) about 50,800 square 
miles: and that of New Guinea about 315,000 square miles, The 

area of France before the recetit additions to its territory was 
estimated as about 204,000 square miles and the area of the 
State of Texas is about 265,800 square miles, Borneo and New 
Guinea are both larger than Texas; Sumatra is about rO per 
cent smaller than France; and java is about the size of England 
and one-quarter the size of France, The governments that have 
cone so much in the study of the geological and other features 
of these islands deserve congratulation I>cj>th on their policies 
and accomplishments. Some of the difficulties that lieset geologi¬ 
cal interpretation in this part of the world are discussed in the 
artides on the correlation of post-Cretaceous geological forma- 
tions, These difficulties in geological correlation express them- 
selves in geological mapping, 

A recent publicat ion that deserves mention in this oonnec- 
tion is H. A, Brouwers Geologiscli overzicht van het oostelijk 
^edeelte van den Oost-Indischcti Archipel, 25 Pages 3-18 are 

” Kon, Nedert. Aardrijksk, (tcnoolsch.. 1014. 

s Areas takcn fmm ihc Ceiitun' Atlas, 

“Jaarbk. van het Mijmvez. m N. O. I., 46 stc Jaarg. Verhand., 2 do 
dtrel, ( 30S pp., I Kaart in 4 bkid. (Kanrt N), j prof., I leckcti,, eti 
16 fo J ,o's, 1919. Jctarb. Mijnweit, Verhand, 46, decl 2, TQly. 


Digitizetf b; 


Google 


Qrigir+al from 

HARVARD UNtVERSITY 



Fam-Faciitu: SdlErtTtFIC Cot^Fi-ftENCE 



CA% 


devoted to- a partial bihliograpliy of geologicd literatLire en thc 
eastern East Indi es. The work is divadcd into fo ur parts a* fol- 
Wa: { i) Tfie sediments and erupti ve rwks;; {2^ Suitimary of 
the historie.il geoksgy: fj) Tectonies: f <0 V-olcanism and 
cnTthqaafecs- 

porrie of the more important geologic&I maps of thr Ea st 
Indica arc Is followa: 

5]isflj^rfl. R l D. M. Yerbeek, K. A. Naumaria p and J. F. 
de Corte, Geognostische Kaart van het Oembilien Kolenveld in 
ite Padanfcsch< Rovenlatiden Suniatra h s Westkust. Sca.li, 
InlDpOOO. C f, Stellet, AmMerdam, ifi^ Ac£o™parS*s J&arb 
Mijnwez, dee! 2. 1875. 

k, D. M, Verbetk, C. J. viti Schcltt, K. Fennemj, and 
IV <le Jon^h II, Ceologische Kaart van etn gcdcdte vart hei 
Gouvernement Sumatra + s—Westku&t its 7 Illide n». schaal 
1:100,000. Uitgeg. C. F. St em ter, Amsterdam H 1883, 

faTa and Madaura. R. D. Verbeek en R. Fermcrria. Geo- 
lopsche Kaart vati Java -eit Madaura in aC blaifen, schaai 
1 :2no r ooo h J. C_ Slgvnlcr C*. B Atrii tif-rdatn, 1B9G, 

BamfO- C. A. F. Moler^raafF fe Geological explorat lot 5 in 
Central Romeo. Atlas in 22 sheeic,. Publi&hed by The Soe. for 
the proinotioti u£ thc Scienti f, Expior. of the Dutdi CoEonie?- 
E. J. Rrill, Leydctt; H. GrfUtlgi. AfflStefttaffl, 1^02. S-ce ilw 
Tlieodnr Foftcwits, Bornto: Itss ipeotogy and minrrsl nrsGurtc*. 
trandated by F_ H. Hatclr, Edward 5 anf-ord H London h tSQ2. 
Tliis work contains a geokgical sketch anap of Borneo an a 
seak nf jo miles to r ineh and a map, on. thc ftaine itale, show- 
i fu 1 thc* distribui ion of usefnl minerals. 

Ccl&bft. E_ C_ Ahentfanon. Voyages geotogiqnrs et pco 
grapliiques a trivers Ia Celebes Centrale. Atlas. E> J T Erili. 
Ldde-, 1916. 

R_ D. M. Vcsrbrtk, Grok>gtsthc sriietsknart vin 
liet costelijke gedeelte van cten Kederlandsch-Sndischen ArchipeL 
eehaal 1 =3.000,000. Iti Atlas of Rapport sur les Moluques, reeon- 
nai^Kanc^s geo]ogiqm;s dans % partie oriefital^ de TArchipe! des 

ftnles Orientale* We^rlAndaiMs, {fedinion fraffiijaise da Jasirb. vjn 
liet Mijtiw'Cip Ntrdcrland, Oosl-Ind., tom, 37, 190®.) 

Amb&imi. R- t>, M. Verhcek N Carte geoltjgique dt lite 
[TAmbonn i Teehelfe de 1 !loo p ooo: Carte gMlt>giqije d& Lei^mor. 
cn 5 fcuilks avee titre, a l p tdidte dc 1 20,000; Cane geobgiqne 
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de ia partie superieure du Gounoung Nona, a 1'echelle de i :io,- 
OOQ- In Atlas of Descriptiori geologique de ITle d’Am6on. 
(fidition franqaise du Jaarb. van het Mijnwez. Nederland Oost. 
Ind. t vol. 34, 1905.) 

Timor. G. A. F, Molengraaff. The results of Professor 
MolengraafTs investigaitons in Timor are now' beitig published 
by Hoofdbureau van het Mijnwezen and will constitute an 
important addition to the knowledge of the geology of the 
East Indies. 

New Guinea. Such Information as is available on the geo¬ 
logical cartography of Duteh New Guinea is given on Abeda- 
non*s Schetskaarte, already mentioned, and the general geology 
of that part of New Guinea is summarized by Brouwer in his 
Geologisch Overzicht, also mentioned above. F. R. C. Reed, in 
his work cited below, 34 summarizes the geology of Rritish New 
Guinea and that part of New Guinea formerly known as Kaiser 
Wilhelmsland. Knowledge of the old British part of the island 
is stili largely confined to a reconnaissance made by Maitland” 
in 1891, The map in this report is on a scale of 10 miles to 1 
inch and covers that part of New Guinea south of latitude 8° S. 
and east of longitude 146“ 15' E. On page 33 is a bibliography 
of the geology of New Guinea. Three more recent reports need 
mention, AU are by Stanley* 4 as noted below. The map of 
Woodlark Island is on a scale of about 21/3 miles to 1 inch and 
is colored; the maps in the report on petroleum in Papua are 
traverse maps on a scale of 2 miles to 1 inch of the country 
between Purari Delta and Yule Island. Some geological data 
are plotted on the maps. The other report, also by Stanley,” 
contains a general geological map of Misima Island on a scale 
of 1 mile to 1 inch, and two detailed maps of mining centers, 
one Mt. Stsa and Umuna, the other of Quartz Mountain, both 
on a scale of four chains (264 feet) to 1 inch. As New Guinea 


** Reed, F. R. C„ The geology of the Dritish Em pire, pp. 416-424, 

T921. 

'Maitland. A. Gibb., Geological Observat ion 5 in British New 
Guinea in r8$r: Queensland Geol. Survey, Pari lamentar y rept.. 33 pp., 
geological sketeh map, 1892. Published by Government Printer, Brisbane. 

*• Stanley, Evan R., Report on the geology of Woodlark Island: 
23 PP‘> geol. map,, Govt. publication, Mclbourne, 1913. Stanley, Evan 
R, Report on petroleum in Papua: 48 pp„ 2 maps, Publication of 
Commonwealth of Australia, Mclbourne, 1914. 

" Stanley, Evan R., Report on the geology of Misima (St. Atgnau) 
Louisiade gold-fidd; Terr* of Papua BulL No. 3, 25 PP- 3 geo 1 . maps, 
I9t5. 
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is now attracting considerable attention, perhaps its geology will 
soon be rather well known. 

MALAY PENINSULA 

No systematic geological survey has been completed for 
the Malav Peninsula, Reed in his work alreadv citeri (pp. 325- 
333) gives a condensed sketch of the general geological features 
and references to the literature. The principal student of the 
geology of the region is J. B. Scrivenor, wlio since he becamc 
geologist of the Federated Malay States has done imich to niake 
the geology of that region known. The following are publica¬ 
tionis in which I have seen geological maps: 

Jones, W, R. t The origin of the secondary statmiferous 
deposits of the Kinta District, Perak (Federated Malay States»: 
Geol Soc. London Quart. Jour., vol. 72. pp, 165-197, pls. 13-15, 
1917. Piate 15 is a black and white geological sketch nrap of 
tbc Kinta District, Perak; scale, 1 :190,080. 

Scrivenor, J, B., Note on the sedimentary rocks of Singa- 
pore: Geol. Mag., dec, 5, vol. 5, pp. 289-291, pl. 11. 1908. The 
piate is a rough sketch map of the Federated Malav States on 
which the main outcrop of the Tembeling series (Gondwana 
roekfO is shown. 

Scrivenor. J, B,, The geological history of the Malay 
Peninsula: Geol. Soc, London Quart. Jour., vol. 69. pp, 343- 
37r, pl. 35 (map), 1913. The map aecompanying this artidc is 
entitled "Sketch map of the Malay Peninsula showing diagram- 
malically the chief structural features;" scale, 1:3.04:,28o. This 
is prohahlv the most important single article on the geology of 
the Malay Peninsula, 

Scrivenor. J, B,, and Jones, W. R„ The geology of South 
Perak. North Selangor, and the Dindiuas, with a geological 
sketch map; Geol, Dept. Fed. Malay States, 196 pp,, 15 pls„ 1919. 
Thc geological map is entitled "Geological sketch map of South 
Perak and Xorth Selangor;" scale, four miles to one indi, about 
11350,000. The first four pages of this report are devotert to an 
accomit cf previous literature. Verbeek gives a bibliography in 
his work, already mentioned, 011 the geological literature on the 
Dutch East Imlies. 

Willbotim, E. S, t The IYkang volcanic series: Geol. Mag., 
dec, 6 t vol. 4. pp, 503-5 T 4 . ph 30 (map). 1917. The map 
t piate XXX) is entitled "Geological sketch map of pari of 
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VIu Pahang."' It is black and wliitc and on a scale of about 
12 miles to i inch, 

FRENCH INTJO-CHTNA 

The principal publications on the geology of French Inrio- 
China are those of the Service geologique tle Vlndochine. The 
latcst of the publications of this iustitution rcceived at the librarv 
of the United States Geologieal Stirve} r are dated 1919, Threc 
of the availahle reports contain geologieal maps. They are as 
folio ws: 

Deprat. J„ and Mansuy, H„ Etude geologiqne du Yunnan 
Oriental, iere partie. Geologic generale: Service geol. de iTntlo- 
chine, tneni.. vol. 1, fasc. r, pp. 370, 20 pls., and maps. The gen- 
oral titlc of the maps is'‘Carte geologiquc du Yunnan, Oriental." 
«cale 1 :2oc,ooo, There arc three “feuilles,” each composed of 
tuo sheets making six sheets. Fenille i is entitled Tong-Chouan; 
2, Ytinnan-Fow: 3, Mong-Tseu, The area covered by thesc 
maps lies bctwecn latitude 15" and 26° 30' N., and longitdcle 
102 0 and 104“ E, 

Deprat J., Eludes geologiqnes sur la regitm septentrionales 
<lu Haut-Tonkin (feuilles de Pa-Kha E v Ha-Giang, Ma-li-Fo, 
Yen-Minh) : Ibid., mem., vol. 4, fasc. 4, 175 pp. T 39 pls., sheets 
of sections and maps, 1915. The maps in this volume are on a 
scale of 1:100,000. The arcas covered by them arc northeast of 
Hanoi. 

Giraud, J., Notes geologiqucs sur Ia partie nord-est du 
Tonkin (feuilles de That-Khe, Pho-bink-gta, Lang-son): Ibid., 
bttll.. vol, 5. fasc. 1. 66 pp., geologieal sketeh map on scale of 
1 :500,000, 19[8, The geologieal st 11 di es in this area which is 
about 100 kms, from nortli to South and about 150 kms. from 
east to west have not been complcted. 

It is very probable that more work has been donc in 
French Indo-China than I am aequa interi with at present. llow- 
ever that may be, the geologists of the Service geologiquc de 
rJndo-China have been making praiseworthy progress in their 
mapping of the geology of that region and it is reasonable to 
hope that before many years they will publisb a reliable genera 1 
geological map of it. 
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VRB.-M. GEOI.OCICAL MAPPIKG IN NEW ZEALASP 

]lv P. R. Morgan, Director of Ilie New Zealand Gwlogifil 
Survey, Wdlmgtotr. New Xealanfl 

Tine harst m ttewarthy geoloptal ma|n of my portion of New 
Zealand wvtc tlurae prrpmreil by F. von 1 rAdiKlctfcr and Jdlitis 
vim I l;iast over fx> yenr^ ago, One of these maps, re-pre&ciiiing 
ilii- :;-L a i'I■ iv tIit- pr^vi neial distrlct nf tlson, tlie tiorih westcrn 
|i;irt of Sr. ■ inI l was piiTilifthcrl in [W>I wLrh von Hu*fi 

Kk ! |Hirr * i e n Topo^raphical and Gwliof^cal Sx ploraAion n l sIk 
Western Distriets of lIh j Xelson Pro vinee. Hoehstelter and 
iVitmiMnV Cii'>k'.i s r i.cal anciTopo^npliicatAtlas of New Zralarnj/ 

| ni I il i ^11 l ■-' --i «ira :iflrFw«Lfd. L^niiLiihs :l ^itialUncale m#if^ of p 3 T( of 

\nrUand IVnviTiCf. and larjftr scalc ma-ps of Audchiid Istfimusp 

■ 1 dn- Ka ia hia-Ra^lan di~tri,ct. and of ihe neijrhborhood of 
Kriioni:L]i:in;i. tn^ellitr hv it h |he above diiemioned map ol iit t 
Wl&an Pro vi nee. 

S'»in nfter fTncfn^tcttvrN vXit to New Ztal^rtd. severa! of 
\hr 1 1 n•■ v i m;j:i 1 -ivsvrnnicn, g whidi a.t that titne hadi vonsidr^ble 
pmur iivlepemltrl uf the inain Goveniinenl and Legi ^Lature. 
iiiH-iitnLi '1 ^>l"£k,;sl Hir vvy-, T]n; r;irly Provhicial 

. t\ Crawfnrd, Wdlmptofli n*r K Jtdms von Elafl-U, 

Canterbuty; and Dr. James Ifertor. Otago. Mr. A. D. Trip- 

l:o4>fe |n i-'i fjl j, helrl a -dmi lar prvsition in Hawke 1 * Biy* but i» 
uffiml temni nf IH> vmrk lias lirer foimd by ihe writeT. Dnt- 
iriLr tlk‘ -■("ii l r i i l t' —■"' C-ipiain F, W. wa* Provincial 

i ,i'i : || i; _.i .4 in fltaii ^ for two or three y*ar$. The on\y rotabJf 
maps publiibed by Ilie pro-Tindal g&ologi&tdi were Hutton s ™^p 

■ f f 1 ' .L!.. i iS~^ i auri v- -n Ffansrs map of Cirtmbury and West* 
lriii'1 1187'M. PgtJi a.re 011 a very sruaN !^ale. 

Mnt-li ri-f Eho wt>fk tfo+ir l>_v ific pr^vincii] siifvryi in- 
1 r1111 r;. 11 : . n a]- ]mbl: 4 irr] liy lliC Gcolo^ical Snrvty of New 
i 1 n . v. Iiii!: I» ■ 1 n i e■ s i-.t r ricc in tH6s -with Dr. fSir^ James 
I !: rr"r n> D mrr ir In J8f«4 and ag^in in r8j3 + HecEor pub r 
! 1 -1 ■: ■ 1 -k u ; i L:i-jlfi_L;ical inaps of New Zealand oci seales which. 

1 t^siirul i-”i actita] example* of Ilie maps, were appmxirnately 
i 22*319,000 and 122,Qi^oo0. or 36.6 and 31.8 milts 

11 1 i‘n r- .11 v I i 1 i ■ «n. GhH h ;i. 1 Jj$ki: N pw Z^alan d edit ion. Aiacliljn d 
i: l ! - 4 Si,- .1I-1- rcpo-Tt of Nh\:’lt:i cacpedilion, gMSo^'. 

*Thr pravincial gwerainriic^ .mmI with \hm t"hc "provincc^" wrct 
abnlished 3n iS?7. Ttinugh shey no lomiscr represent pclitical divasLonJ. 

[ho HftiMufi .are hiill misirninilv u^cd. 

[«21 
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to the inch. The 1873 map professes to be on the scale of 
1 :2.ooo,oog t erroneously stated to be equi valent to 33.31 miles to 
the incb. 

In 1884 and again in 1886, Hector pubHshed a geological 
map of New Zealand on a stili smaller scale than those of 1869 
and 1873. The small-scale maps published by Professor James 
Park in 1910, and Dr. P. Marshall in 1912 should also be 

meritioned. 

Durjng the period of 1865 to 1894, the Geological Survey pub¬ 
lished with the reports of its various officers a great mimber of 
sketch maps varying in scale, detail and quality. In those days 
few topographical maps even of moderately good quality were 
available, much of the country was covered by forest, and 
present-day roads and railways were mostly unmade or stili in 
the making. Hence Hector and his staff worked under great 
dtfhculties, and as a nile did not attempt to produce highly 
detailed geological maps. Some creditable manuscript maps 
were spoiled by being published on too small a scale. VVorthy 
of mention, however, are some excellent topographical maps of 
the Buller Coalfield, showing coal outcrops, which were pub¬ 
lished in 1877, These were drawn by A. Koch front surveys 
made by W. M, Cooper. 

In 1893 and various succeeding years geological maps of 
various parts of New Zealand, prcpared by Alex. McKay to illus¬ 
trate his reports, were published by the Mines Department. 
Nearly ali of these maps are on a small scale, and very sketchy 
in detail, but have nevertheless been uscful to students of New 
Zealand geology. In 1897 both McKay and Park published 
geological maps of the Hauraki Gold Fteld (.Auckland) which 
are useful in illustrating the views of the two geologists, but 
neither map can lay claim to any great decree of accuracy. 

Resides the maps already mentioned, many small geological 
maps of portions of New Zealand have been published in con- 
nection with papers on the geology of this country. Some of 
these will be found in the Transactions of the New Zealand 
Institute. 

So far as reconnaissance surveys are conccmcd. onc may 
say that the whole of New Zealand is covered by the various 
maps already referred to. Some area has been rcpeatedly 
mapped, but without any great gain in general knowledge. The 
wasting of energy in this way is to be deplored. but, as a rule. 
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wlitTi 1 'iit | n-rruririi >ry cxn ruranti >>11 uCCMds another. it La not 
tln■ unit ■ i■' thi' ^lii^isfliuE "i iirnnnstances beyorirl his contmL 
\..t iniit i ^ li 1 - 1 ii Dr_ J M_ Bel3 was. appointerl Director o e" 

[Iu- (p e 11 1« :Suni > in sLKevssKm m Sir j&ine* Hector, we-ne 

> v-tuil (:■ 1 1 > nfvrv *. htsLl llllcd Xvllll :l vaew of proflvminF itctnikcd 

i. i1*il;v;l1 iii.l jni :l1] \i '11 Zea la-iiti, Dr r ]tel] in irjoft stated 

)t\-- | jIji e i :n fiilli 'i\t s: 

Tli 1 -' r- ? i.-;tl 'Viil-iii ii Dcpartmmt hns- niiihii-rd a 

vcliiiiU' fnr t Ii * 11 r 111. t;l 1 nm n ■ f :i iLl- t:i \\cd iopofiriphical ind ffnlopat 

ini n W.\ !>i m i ■■ |H3i|M^' ific cnaimiy tin& been ct n itp 

i111- • ||-. I.s^. . : . i* 1V «lli^ll i- ^LfiJHIwd tfl [kF*«Hf Jk firntlilr^ 

■ ■I -1 - i.■ ] ni^T* -l , ' I — t -. 1 1 3rIi |in ■ Ii]^'-lLS„ wrhich Ciin br CMVtujcAily 
l n 'iint-il i -iji i .■. r. 3 -'bt i yron|»l« ihc ITauraka divasicwi i& -nf rans* 
i ln-. l I-. i n nrvoiml ■ • f it-- ei>nttniiiin^ ilis pirhrsi ^«nari i-m in Lri^ fi;^b 
i *i 11n■ i-nV-iiy, i hi K Ji.iiiifii dhhin» f-iLijiictgs thc irmncnst iron-onc 
deposiu iHxirrriiiK near Famptim e Ihc Vi -.tlaml diivision h in' anirlsrd 
in r :■ r«. ■’ ■■_ i' in -■ «i' ii- i/lslj. ntrifrmiss ^nuek, and the veiris -ind 

H K "k nuLSMP frwn wtiidi thej wm derivH; the Kctoru-a div inion «ui- 

• .r- ■ i ■ • .•nif«'MCilii ijw i»l thc mnariablt ihkTiiLi .1 ithvtmtnEtta. 

l'■ -r f \v w '/ il.iint i I. (in* , d i ,1 r|.cJ SO Cm, 

isicii divisio n mnliiiiK :i mnulK 1 r n-f ^arvey di st ricis correaponding 
i n ‘ i- i i i h« '-i 'F i. Iu- I «Ei 11 1 1 “■ and Snrv«y Etepartmtm. leverat 

' uri, i v fUnirirl' wlliili r:m In 1 i;iiELvi.'nii'ntljr HFtmprJ loselhrr to nive 
i ■! itiuii «i omnliy ■' ■-n-ri-i. :i sulj-divisim. Ii is jnrf-iutrft 

11 ■ i• rr11:. i i i'"!" rvjk.TK imi |I. III I,'|| liy jlh d ^Vpzs^raphkal 

mEMps. i*ii i .n (i -ilini; vi-|. mi , i-i., mi r».- du- n^ncE^irr fcld-worl( in cadi 
K-cl _iiiil i-> i-- in- ihi tti 1 • ■ |he pnsblLc nyiiEmi^ dclny z r an 

atuw^t iliiiibirtial ]ir kv 

i- rr-. i hi t Ilii' -Vld ■■ nrk a k-'0*1 Inp^raph ical snap is ihc 
. and "ii ii .i* ;i Ih-i-i', ilu’ ft^olo^ksiL -wnrk ii plac*4 
Thi h !i- .1. irt-.i itliich i> ln r : .: im-(Misated is Mt oR-fnlly csaminccL 
th..= vfifit■! i - -t. : 1 ^ :irv n-L-rinlcri, u inI i!.-.- ipurs ind ridflts. fotlawed tn 

i- ■ H ■ ■ ■ : I n i :'« | i! ---j/ rf Seimcc li KlH'?n 

imi;. 'Si ■ <V. .n Lk ■> i: p- i m>: i .Lp-li Ic. -lTU-ctur,iS, pliysingraphic and 

n ■■ni 1 1 i v:-r, * i|kL"l:il sit '*■- is l.i i 1 1 tjpmi ihe «Miomic siilp ot 

-■ '1' >. n , 1 1 1 c- n» ilu- ■ ii cn rn-ncc of miTlcral? of commercia! 

value, arnl h\\- :l diriri 1 -umiiil; li i i- -i i ilic mining industry p the dt- 

uli i- .-n i-i v-Vi;h is -.n inipnfiiiKi in :my nrw eamtiy. 

fi n . Iu ih- 4'M tkit a tiiainiwript map fttill in esistence 
sbmvs ttkat Sit taraps I Ici tur in iltp «afly x-zhtm of 1 ii s. dir«lorate 
phnrieri (o mata cojnplete gaolotgkal siiTvey of Xew Zualatid 

■ ■n a 1'ii-i- -i;i 'ikt ■ - that 'iiitlincd tay Dc, Bell. The diflkultief 
alrca4>' mentione fi :=;rnl "llic-r i-irVin h~tori£M pfeventtfd the 

from bcing carried ont to an_v ^cat extcnt F thoupli ilic Bultef 

: ‘ 111 ."• I sii i'i_' v ^as evidentlr exeeuted m acc^rflante iv illi it. 

■ 

The scheme of geoliogical snrrejr in^tittqtcd hy Dr, PSell Itas 

1 i i f-.1V.«. .-i 1 tn 1 114 pro^ont time, an-d a mimber of bulktms 
acecm painer! hy are,il iiiap-$ on ihe scale of one inch to tht mile 
i i | i->^ikji have li^fn pLiVlishod. In e^n-e ca^e (‘Tuapek^ Distrirt. 
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1 Etillct lti Sn. igl tlie jpeolojpcral map is o-ti the s^ale of two 
indic* to ilie inilo (i:EJfij20L Desides the geol^ical map* 
nian\ u>p>^Taphical niaps t usually un the i scaLcj together 

^vith vari tuis hrjje-scafc? maps of spedal mineral areas, ha ve 
l>ven "Pfie preseni of ttic ^urv^y m^y br siiin- 

inarizcd a* Foliows: 

sq. mi. ^q.km. 

.\nfiH i; i wliic 1 * survry iis compiticd mid vrurk pwlili^hrd 

n iri n I m- j s,c.i1e .. a.vrf«itt 

Ui i ! i ii wlikli uirw i 1 - cimi pineti <ml wcirlc palalislwd 

-n ilU' i ii^iiJe. ....._._ 325 £ji.r 

Ani-- in ^ Ii hli Hirvty L-inVi|hl pE V' 3 , Imi w* iflt ls llrti 

mi publirifivcd......... ........ ....... gfroq 

\|-.|- isk TvIliL-li MIfvrv Ls |f| pfQ|(^a| .... mnBT f^IQ 6-^00 ^ 

Arcu i HfHiphyl in wlnch uork ir< suspendid . -.-i-,- _.LJU JL W 7^.8 

TduiE _ lUtej 400765 

V-, i [^iirLn. || I Wli.-||: illidi i .... |iayj 

Thi -ki-r. lt inap i figufe s i ^Ikm- ttae areis in whieh de- 
[iiili. il - m y *i 3 'iavf liren niinlc nr rur mm' lidftg tarriqd rin. Ali 
xv irk lia> lieen i Ionie xvirh a view to pubi itat ion on the fme inch 

tu tlie mile (1:63,360] scaku excepi in the Tuapdsm Distiict and 
Iu jhiir! h if ttie Kgnumt Hi striet. 

In a h lilini" in ific areas hIktwii nn thc map pait of SfHstli- 
land * Mnnh part d£ South I&laiid) has lotely teen stologicilLy 
fx:iiiiii:i-.l hy PlV )f Jaiile* Park fOT the M ilWS DtpaffVTKIll. 
\ ji-Tlimi m rlih ;in 1 iiv \i;.JiKaftei—Alt. Unt™ Coalfurhl. vas 
srirveyeH hy liim in sonte -rk-bil. 

\iYvirddiii; tlie officin .1 Year Book, h)iQ, tlie tota! area 

■ S 1. -.x Auli.i I, e^eliiiling tlie Cook and other islauds antiesed 

■ nmi. i- h Mpiarr miles rqnal tr> equire k:il> 

f 1 1 1 ■ ■ : ■; i--.v ' J IIII ox er mi^-^ev^ntti uS ths* l^siUUlipn 1ia> 

■ ■ ! r i - biiiit* :_ r i,olo^icaHy Mirveyed io dctail Mucii more 
lliiiii i iK -ev:iith «<f thu work r-cquircd to make a rompicte 
l: l-< klr mj; u ! ni:L]i ;i]i-M (C rir^ ike rrqutnemeiits of the pisent liay 
In- Itcvn rli ne Invium- c»f (l\t fiso nda.fi on afFordct) hy thc early 

t l ■ ■ 1 11 ru s> rm r k «H! r ve \ -. «li I 11 Le fAct t hat mos t O-f t hc COutll fV 

T- in in l: - - ho ^nTvcvrd is Irsx difficuTt tlun dic amage oi 
tini nlrcaiiy maippcd. In order, howevcr^ that this statemen* 
i vlT iMiuiii irni iliL 1 incisent -itLTvev be comipleted durinj? 

ilii- pr^ril : t^lli^rwj^f thc OTCigress ni 

Science will rendar the woilt aJready uotMifKsbd e 
Id-: luifur: thc -letailed survey rauw in hard lias reAchcd nxry 
finirt of tlie e<KiTitr> r . 
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(VEOLOGICAL MAPFlfCG IS' ACSTftALIA 1 
I -STHOI>|?gTI0N 
Bv T. Wa vt.i nn h - 

The falloiving statement^ regariling the ptrcsenl si alus «if 
i^ooIorhcjI rnapping in Australia uHll lie introduced by nnfe renues 
lo geological niapji and getiefil a^rtunts th^ o£ tTic 

entrre con[hi€ttt and to treaiises on thm guology of the different 

States, 

Tw^t ofE-cial niaps <>f a II of Australia appear t c» 

havt been piiblislied frul I ha.vc fruind copics <]l ahIt one of 
tliem. the earher ane, in Waslilrigfl-nts. The -falSowinj^ is a irttont 
nf these itiaps. 

R- Rrongli 3 inyth 1 First skctcli of a Geo logica! Maj> uf 
Australia tncludfng Ta^mania: seale r 1:7,000.000: PubH^hetl 3 >y 
direclioii nf tli* Minister ut' Slitreh fur Victoria. 1 st ftov,, 1S73. 
T"hc «late df the i»rcpflr&tiun of the nnap i-s ^iv-en as i^th ApriL 
1873- The otfier map is li&t-ed in the circular of eIk Office of 
Mines, Melbcmrne. May, h^so, enlilEed ‘ £ Maps, Plans, amt 
Rep&rlV* as “Amsrralia (fi dicet*). 1887” 

J. W. Cre^r y !n his work citetl below* jfpves a hrief descrip¬ 
tior of the geological featunes of each slate under the (le^ript-ion 
of []ic stair. Facili# pagr 104 tif ihia worh is a gcolngioa! map 
6l Australia <™ a ^ak i>f T :r 4 . 55 f],CKV>- 

Another generat jiccotint of the geology of Australia h that 
hy Davi<L a and the same smthor"s paper on slie tectonic features 
of AustraJia 1 is also worthy of specia.1 attcntion. as it giiro. a 
gtfod Suitrniary of infirmatio™ oft tbat important subje^t, A tliird 
&ummary of the geology of Australia is given hy Reed* 

■ The miltfikl iittfrikri aftdvf iliis h^juUn^ Ucn a^tnhltd 

under ihc cllr-ectian »1 tlic- Iciidcr r>f the Scrtinn raf C-eoli"P£i\ T. WayLftehd 
Vanjhifl, an*d the t<*fc lsas hecn in lur^v part prrpurcri bv Ifeirn.—<L J dntt- 

«■■ffte on Fwbtfcvtip*u 

~ {"dreKijry, J. W.. Au^irnliniii. vol. 1 . Australia \imt New Zeiilmd: 
Stanftjrds Pfltpenditini.ftf KcosriL^iy JLnd tmi-rl (new issuci. 0^7 pp., 
and -rtuiijiarm unniiTiiln-red, msisuniliered i ILlikI ratione Lnfl«3oii. 
Edw^rd SesufrttiL. Etjn7- 

1 David, T. W. R, CcdrtK^ tlic LVnniKui w cilIi h: Frderal llanid- 

twvi|< f ut |he j^tisirsiLtfirt Mitling f?f the ilfLc.. Ass*h:. .\dv. fle., y pls». 
* nss,. fnlogkal ts<ap ibr>tl prutmphital m-ip it foLu-rs, pp J41 i^r^. 

- l>avLci. T. W. E. a Nlulh nn some af tlic chirf liTl^nic h(>c?i n-f 
Auclralift: Roj 1 . Snc. X. 5. VV.. vol. ^ 5 , fifi. 4 -^- 

s R^h 3 , F. It. C\, clie Hritishi FmpiTe. yp 

2 tti-nps. iqir. ^Tap #i-f Sc-w £«nilth Walc»- -Nt-iitc ^Imhii t-on niil* r s (i^ i iiveh ; 
KculofiimI m,ip Au^trnli.i, vralc- VbV mile?; tm 0,$? infh, 

i<™\ 
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\u i 4 d hut vEihialik* w- 'rk nn ihe g&Aogy of TasmanU is 
■ liat m' pNiImsioii/ Fur ihe resilis. of later wr«?rk the piiblkamm 
of iiiv i kM .liJ^kMl Siirm- Jif Tatmana e^pecially tfiould bc cv^n- 
sulK-ih There i- mi IrLiL' ]»ihlicaijon summa rizing geolo^ictil in- 

lnrm. lI|"'H "is \ icl^na. Ne« sirtgU- vuUnlJe tu IlaVc tallCH 

ihr jiliti, i' ii' Murray's work,* Far Scnith Autf.r&lia, Huwchin 
!i 4 - L^ivvn ;i luv L-ctl Minima Ty iip Io- EQlfti" and Gtbb Maitlam;! ha* 
jmt pttblishecl i Miimnnry* to date of th t geology of Wdtctn 
i " K-Il 1 M 1i;l> ptilili[shcd :i u-tfut :lil< 1 convenient 

vidunu! --i lliu ni Xeu S-nntli W.lU-. ; and Etheridje and 

hiok" ari 1 :lk- suillum* uf a uorls on Qiuensbnr]. X-iJtuHhhstand- 
in^ ljLk ! i TiiihliiMiii. ni^ lIi^-i* hvci volumes by Jaek and Ethtridge 
■ ■Nimii- r11 n\\ik *l:it ilif ■ m' \untral ^euklgit 

I jlir.: - II r CrL-%1. .in;- inileMed to ^ "nolncinffll toa summa iy 

-Uirrmuiil *!i tlw i^ttalr^iral fratiiTC* of ilie Xortlvrm Territor)',, 1 * 
Ilii- br sef t^vumv uf tha lit erat ure shi>ws i liat the geglogical 
lVniiin - ui \li^i r:sLi:a li^Yc luris vrfr ucll Mimnia rLiri E and tliosc 
iritcri-ntr-l in the snlijwj an j^ct a ^OtcJtl gTasp oi tbc pre-sem 
kiknL Iui i if <lint c^ntii umii h\ rearlm^ rektiwly few volumen 
The- \M'[r;Llkm i^eulu^hls rlcaerve -congratulations on the way in 
u-hirli il r.-> lime iircsi-nietl llk? riMtlt- of Eh-eir investigatio as. 

• -m k \T. <%.ii m tu- ac^niin uF i-Ih- y LiiS^^y nF T-as-TiunSa. : 

PP- vi '^. i i m. I iii L\ II. Puljtishcd Iaulhorit^ oi die 

I '■ . m ■ sr. I . -11 .iiii. i»-^ 1 'i'iHiLins :i bivfllttg Lc.dl 6 -keEfh llliip nn a 

i i\ ‘-slr^ «ii i iiLthi tlii' ijmm fullo*-* r -inH mid brar* tio fitaie 

II liiiiVh.- r 

M li r r R V b \' iL’sriri^ r jredo^}' «ird p»1i^5!c,il geopra-phy - 

I ■ r i- L’ ■ >]i IE_: i, . I Dik:L|h, ^ Plihli siicd ii,rtd- rvn hchnlf 

vi ifu- ii»'vcrtmumt, Mdl^umc, rflfe 

s ■ j. ,. i i ii i. W :i1 1 ,■ ?. ^‘1 it 1 k','i 'h >u y - -f l( h -V u stnl in r pp. vi -.iit 

!■ i*l |> ii M:ii'k .i.nilt ift-]iiIp lij' | h^! F r 4| l i<l|iiWl 

Ficptr. .\delnl 4 e fc igifl. 

1 Matllaml, ^ ' .iNi \ ... r>f ihK m"'lihi;y of Wcslrni Aus- 

1t:iM.i: W-rsler \ i :-i r. 1 1 i («mi Survcy iiiiiii i, Mining Hindh.. ctupL 
1 5S ji|i. riun. Ctmiwin^ uo-li j 1 ■. , :l1 im.i i i iru-nl tu l^JO, *{'*]*? W5 

jftik to I prt-. p 

\ \n ini r«iri(Lfl ion Lo ibt pcotqgy o i Ntvr 

Smi- Wnlcs j j .- |-i 1 • 't- figfci i toiorad gc^k^i.il map; A riun j and 

Ki ■licTtii m Lifll, Ry ilnei', 1014. 

]~chcrini 1 ■ R J> . .01J J;uk. R L-. Ccolog> and palecmmlc^y 

<*f I Vi^\ le-^s. I vol of di plalr*. Fiabliih-wE 

m n-k-r r ! ■ .■11I1..-11 1 eI- Minimior Mine- ruut PiLlilitf: Tns p |i i v t S :,lDri i 

Hris.l i utn^ l iSi^j 

1 \X* ..i]iL> MiL^la, \X r, . HcpOffl nn tlae i_-e%olifig"_v of the Mwtlwm 
T^ffitoiy; Northim B11R 4 h II pT-e., @eoL map on scalc of 

in. ■' h-nl Mi blisfied by iV|ai- h f Ew^rint .VTdrs-. 

iii-llnUirm-. iqi£, 
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Geological maps of the different Australian States have beeu 
made on a scale of approximately i'i,000,000, for ali the States 
except Western Australia and the Northern Territory, 


geological mapping in queensland 

By Xell Bowen, Clerk of Section of Coastal Plaitt In vestigat ion s, 
United States Geological Survey 

A list of the official geolocical maps of Queensland 11 shows 
that a grcat rleal of attcution has been paid to geological map¬ 
ping in Queensland and that a map of the entire State oti a 
scale of 16 miles to one inch, about 1:1,000,000. has passed 
through two editions. In the publications of the Geological 
Survey, maps, pians and sketches are freely used, Dr. Vaughan 
considers the Queensland Mineral Index, Publication 241 (36 
maps), "the most complete record that I know of the mineral 
resources of any large region. ,t 

GEOLOGICAL MAPS OF THE ENTIRE STATE OF QUEEXS- 
LAXP. ISSUEP BY THE QUEENSLAND GEOLOGICAL 

SURVEY 

1886, by R, L. Jack. Scale: .32 statute miles to 1 inch. 

188B. by R. L. Jack, Scale: About 60 miles to 1 inch. 

1892. by R. L. Jack and R, Etheridge, jr,, Scale: 16 miles to t inch. 
1899, by R. L. Jack, Scale; statute miles to 1 inch, 

1902. by H. W. Fox. {Sketch map), Scale: 40 miles to I inch, 

1905, by H, W. Fox. (Showirtg mineral tocalittes), Scale: 40 miles 
to I inch, 

1908, by H. W. Fox. (Showing mineral localities). Scale: 40 miles to 
1 inch. 

1913, by B. Dunstan, 2 maps: map showing ilistricts, railways, and 
geological leatures. Scale: 120 miles to l inch; map showing areas 
of mineral productum. Scale: 120 miles to I inch. 


GEO LOGICA T. MAPPING IN NEW SOUTH WALES 
By E. C. Andrews, Government Geologist 
The map (fig. 1) shows the present status of areal geologi¬ 
cal mapping in New South Wales. The Department of Mines 
of New South Wales published in 1914 a geological map of the 
state, scale 16 miles to one inch, prepared under the direetion of 
E. F„ Pitlman. Government Geologist. 

u The manus cript suhmitted by Miss Bowen lists upwards of 330 
maps.. pians, profUes and geological sketch es for whicb full Informa¬ 
tion is given. The limitalions of space have made it impraclkable 
to puhlish more than the list given below. Further Information may 
he obtained from the Government Geologist, Queensland. or froin 
H, C. Richards, Professor of Geology, L niversity of Queensland.— 
Committet on Publicatio», 
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GEOLOGICAL MAPPING IN' VICTURI A 
Bv W. EJakagwan.vih, Director of tlie Geological Stirvcy of Victoria 

The present status of geological surveys in Victoria is indi- 
cated on tlie map rcprodticed in figure 2 of this article, Geolog- 
ical maps of the entire State have been isstied as follows: 

Geological map, 2 sheets, 1872: 

Geological map. 1 sheet, scale 16 miles to 1 iiieh. 1909; 

Mineral map. 1 sheet, scale 16 miles to 1 inch, 1909; 

Aurifcrous map. i sheet. scale 16 miles to 1 indi. 1909; 

A list of maps. pians, and reports mav he obtained bv appli- 
eation to the Office of Mines. Melbotinie. 

The Victoriati qnarter sheets lold series ), the areal unit 
adopted by Selwyn, embraced an area of 9 miles bv 6 miles and 
were laid out 011 magnetic meridiati: a Uter series was Uid ont 
011 true meridian and embraced 10' Long, by 6' Lat. 

In Professor j. \Y. Gregory*s directorship. 1900-1905, the 
State was divided to contairi 400 sheets each of about 300 square 
miles: fi ve sheets this size were made on a 40 chain scale. 

The preseiit practice is to adopt the Lands Department ‘s 
parisli pians and add geological and topographical features. 

f might state that the State was triangulated in part prior to 
1870, when the work ceased, Certain meridians were marked 011 
tlie grottnd and fornied the basis for the Lands Department sur¬ 
veys into parisli pians of roughly 100 square miles area. The 
parish pians as issued l>y the Lands Department forni the basts 
on which geological and topographical data are now added. 

The preseiit method of survey comprises compass traverses 
with Steel ta|ie measuremeiits tied on to tlieodolite ha se work of 
the Lamis Department. 

The rapid contour surveys arc by aneroid and eyclometer 
measurement recordet! on a bicycle wheel. 

Tbe detail contour surveys are by tachonieter and dumpy 
level. 

Tbe military maps are based 011 the primarv triangula!ion, 
a secondary trianguUtion. and plane tahle and stadia work. 

The datum for level is that adopted bv the Yietorian 

Raihvavs. 
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CEtJLOGiCAL MAPnbfC IN T ASM AN IA 

fir Lorrcs H ills, Gcvmmwnt Gccilotfiit &f T^snuania 

There has becn tuo attempt up to (fete to pro¬ 
duce anrthmg approaching a detailed topographic map of Tas- 
tnania This uork is not a functioii of the G«ln£ical Stttvey in 
T^smama, hn| witlilft. provinc^ -gf tWt; D^-pafltnesil of 

Lands, It itiay lie mentioncri tliat thr trigemmetrical of 

the i?feni! staiietl maiiy years ago has never been completori and 
no work thercon has Ijevn attempter! for many years pasi. The 
mosl comprehensive map yet published is one on a scale of 
8 miles to i iiich, is?;ued by die Sunreyor Genera ['s office at 
HobaTt. It te wdl "kimwri to conraiti a Rfteal numfcer af emoii. 
Ev^e-ri tlie onast line 5 a not corree L. e^pecially in the sontliwestern 

portxmu 

The <>nly attempt ftt a retSef map of Tasimnis » far made 
i* that comaincd on pag* 176 of the "Aastralian En vi minuent" 
hy Grifhth Tayk*r. whirii -te a genera Iiraftfcn «of the main topo- 
tjraphir f eat uret. but it has se versi obvi&irc errors. 

The complet ion of the trigonomctrical sitrvey of Tasmatiia 
and the initiatioai of a system atic iojy^graphie *urvey are bj^lily 

ilcsirjihte hut at pnesent ar-c not sericyusly contcmpifeterL 

GcotogUat Sursty -of 7 Wpnffilitf. The Gwh^ical Survcy of 
Tasmania is. a branch of rb« Mines Department, The Govern¬ 
ment CvoltfEist fe in diaT£y and at premit i? as-si st ed by threc 
assistant ^ovemment ^eotogists, a clieniist, a laboratory asutet- 
am and a cierk and typi st. There ia na pravisoiti on the rtaff 
for e! d her a topoqfrapher or a |ttl£ontolo£ht, aml po apc^ial 
ofiFiccr ia provideri for petragrapiiical Mor k_ 

The iU + tntic>il of the ‘G^oloj^cal Survey 35 mo&lly C^nfinct^ 
to the cxainiration of metalli fcnms and coal mining ftekls. 'Ilie 
areal geolc^ical mappin^ afcomplished h inciJertal to these 
in vestigatione. and the bmindarie& of the areas inapped aro 
rnalnly Hetermined by the exlent of lnining operat ians. Recentiy 
a considerabis area in the MEcllands has beer g-eolngically mappeJ 
in connection with the iTivcftigations of undtrgrpund tvater 
supplies. 

It has not becn possible. jn vicu r of the ci^titinnonis dcnnaiNh 
for HivxfitiijatKiiis tjf irtiiiLdip iic-Ids. to clivie le fhe State i n tm 
arcas, rhe geolo^ic^l tnappitig of which could be systernetically 
prcjcccdcd with_ Tti dntin^ the lasl thiriy years (Jie ^aire 
irca has becn repcsUcdTy cxamincd L each exairaination showing 
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more <detail t liari itie previuiis oue. The praeli ce adapied i« tliat 

of mak^tig as Complete an ocami H-aOon fcs [ioss-lMc irt Sl Certa LJ1 

specified lime nther thau the practiee t>f making a complete 
inrl accurate pealogical aurvey of the area irnes|>ectiv£ of the 
rhiae require ii The toLal area for tvliich *nch i^eolo^ical ma p* 
tiave been prepiirH i& squarc mile*. Tlie t^al arca -nf 

Tasmania is 36.215 H|«ane mile-s. *o Ihat the rotal arra ctyv<wl 
foy ilie areal peolo^ieal maps is nine per rent of the whole, T 3 ie 

sLCcentipaaiyinp rr.ap (fijj. shtHvs ihe |x>sitim~L of those areas 

for which gcoloffical maps baw liem pteparert. 

There has bern no Standard scak of reprodiietioii %-dopte'l, 
The cn^ithal* aif-c clrawti a stife of ehain^ tfr lltc itich. ^ 
t m r 5.840, and tlie amount of reductior in priminjr lias vsricti 
widely so tliaC die fhial priuted maps vary im scalc f-n»m 
i :i jjjdoo 1* k 15,140-. 

Iu regard 10 the qiiality of the imps it mmt first l)e statcil 
tlinf they oun«)t be Tsgardec! as ^ccitratc pfeologlcal niaps but 
aro 111 erety qeolojjkal s.kctcb maps. The gtoluffical Imindariefi 
are uomeliines accurately SLirveyech but are rjenerally appxwiimate 
<wily\ The tfrpography, &s far as il is indicat ed bv the prositk>n 
of sir canis and liachure*, is iwrrly sitrreywil and jiartly skrtchpl 
m by the ^eolojpisL It shfruld b-c liere irotntcd out t liat the irftg- 
uiar lo-pography, rlie der se and jjenerally impenevrable fonesl 
grourth. combawd yi-ith tiic very wct elhnate make Jireal geolo^i- 
cal mappin^ in Ta 5 mania very difficiilt effpecklb mt Hic West 
Coast_ 

In reparci tc* line manner of reprobinclion of thesc mujiw it 
shouhtl be poiuted oiu tbai the amicjuaterl appliance^ ivailahk tn 
Printer do nrrt pcnnjt of verr witi^factarv r^-^n 1^ 
e^pocially in re^ard to the recisi eriii^r of colora 

Grafugkal Mvp of Tasmnm, A^indkated liy its tLtU■. Gi j r>- 
fc^ical Sket-ch Maj] of Tasmania, xhh is increly a skeicli E^a|>. 
It is nn tlie wale of [5 miles to the incli^ or 2 ta y50,400. The 
■^pnallneffi of ifie scal t inadc it rmposrible 1.1 include imtcli c?f the 
ilelailttl irifornisation tn re^afd tu ^tfat-i^rapliy i-otitaiiied in tlie 
arcal peol^Lcal maps, for e_\amplc, tlie Ucst Cnasl Ran^t Coii- 
j^ltjmcr^t-c tiuv rpgardetl as Siluriasi es Diot s^jMraieit fr^mi tlie 
Cambro- 0 nlpvician iy^ietit, a.iul in tliig. lattcr \csinn ihe wli- 
BiieFitan' seriei aTC of,:t scparfltcfl frema tlie l s i>qjliyr-oL<l 
Complex. Similarly there is no ^trparatiwi of the Pentio-Car- 
iKMiifer-oiis sy^tcni from tfie Trias-Jura syst^m. Ttiv j>rcp#Tflt^>n 
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oi ;i geo logi cal niap o-f Ta^oiinis on a larger .«cale tlian tNi> is 

conicrnplatctl. 

■, 

\fmrrai \Uif*. A map of Ta^mania wliLcEi gummarizcs out 
pic^er l kntfuledge of the occnrreTice of economic aninerals ani! 
the disiribittion of minera! fields i& in preparation. [TJiis maj> 
was c.^hibited at thcr Conferente.] 

{. Qiidtt-swn, It nui^E be rememfceml in comiection with rh^ 
suinmarv of the status of the Ceo-logical Survey 01 Tasrmnia 
that m spite of ilie absesice of complete tapcgraphic nup* and 
the fact ihat some portio ns of our areal gcotogie majis arc itimit- 
tcrtly approximate only. yet a va^t amcuiTit of very -vahiahle 
T^^arch It as beer csrrWd cut ty rhe Su^ey in renari t9 ilre 

of ilie Stlite. Thifl i* the woric for ivhach the Geolo^rica! 
Furver is specially orEanizett, and the areat mapping tias orily 
fmtie nlront as incident a! to ihj&. althougli -Et is nmr rccogiaiaed 
lix ilic Goverrrncnt that the ali ima te completiori of tti e i^eoloiiicil 
sLirvcy of i!if jslaruli is verv tlesirable, Ore ol the difficrl- 

in tlic way of tll* ultimate comple tion of sucti Ewloiri-rsl 
s l jrvcv n{ Thsniania. is the nan-prOvisk>ii of facili fies for a topr- 
^mpliir ^Tinoy. Arother di Dirui ty which is very liltely io ari^e 
i* thnt «f tlie areal ^eolo^ie niappin^ t>f ihose portiMA of Ta*- 
ninni^i wliie-H cu-niain na geoloEir oiat*rials of «copoiftit valuc. 
f r liitIvss ii is sixciallv provideri for, the atttntion of the Gco- 
ki-L^tcal Survey eo sucta fttyap is Hirciy tn meet ivrili opposidOti 
friim ccttain {inarttrs. 


riCoUHSlCAL SI"*YliY& IJT SCIL TlI AI’ £TR Al.I A 

15 v L. K sitii IVakp, GAwmnitftL oi SflUlb AuttfAlU. 

fhe presmt staUis of areal geologica! s-urveying in South 
Australia is slmwii on figere 4_ Generat geolpgical maps of dic 
Stafcc Ii;LVe l:icen issued as follo^vs: 

4 map. scak 1 16 mile& to t inth {abotit hl-ooo.moK 

3 \y !T. Y. E n . ljrmvil L ifkig, 

l -^lieet nin[> r scab about 4.7.5 tO ^ te5ed TTiainly 

011 jxeolo^ieal imps tsy H. Y. L. FSrowti, 

f dieet map, hbck and wTiiTe + scale about 125 miles tc 
r Jnch. 
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1 \w-r.u’[Fic SciEMtrtc Conferexce 


(;t;i)i,tK;ir.u, SVRVKV of WKSTEKN AVSTR.\UA 
Hy A. tiiuii Maitlisi*. Gruemment Ocoloxisi 

In the rcar 1885. a nwl ion was hrmight before tlie Letpste* 
tive Cotmcil, Liaviut* for its object “the establishmeiit of a perma¬ 
nent geofogical Department for tlie Colony/‘ and about te 11 vear* 
later the paramaunt necessity for "tlic publicati 011 of reliahle 
geological knowJedgG relating to the nature atul extent of use- 
fni mineral deposits, suppletneiiTed by geological inaps auil 
pians” was iinprcssfd vipon the Cni venit lient of the day hy it' 
scienttfie advisers, 

The work ot orgamziiig a more or less systeniatic yeoloEp- 
cal survey vvas commenccrl in 1896, its ohject bciiig the investi* 
gatiwu iif tlie geological structure, mineral resotirces. minini; 
iinlustries. and ttnderground water snpplies of Western Aus¬ 
tralia. Tlie se objects so far as available resources wouM per- 
init, Iiaire liceii carried out by means of : 

fa} Re coti 11 a i ssa n ce fiurveys of iittle known portions- ot the 
state: ( h ) detniled geological swrveys of minitig ccuters ; t c \ 
Chemical anci mmeraJogical examinations of soiU, rocks, minerali' 
and naturai waters: {di paleontologieal and pet rological investi¬ 
gatione; (ei the vmuntmance of a geological museum; and 
(t i tlie publicatum of maps. and reporls. 

Wlien viuwed broadly, it may be saitl that tfie titne oi ilie 
'i;ifF nf die Cleulogical Survey has been pretty well dividet 
bctivteii vvork in eonnection witli (a) tiiining, (b) agrie□ It ure, 
fc} onder^roimd-voater supply, (d.) general geological survevs. 
(c* eogin-eering -tpiesiions, (fj Chemical and physical researcls, 
and l g 1 petnili«xieal and paleontological tuvestigations-. Tlie 
Cef ilngi ea I Snrvev has therefore heen inter a lia, engaged upoii 
the deliniitution ut the acmal and potential mineral and under- 
^roiiud-watLT resourees of Western Australia, or in other wariU. 
“ta.king stodri' of its mitieral and allied resources and directing 
its energie-. to tlie mvestigation of those raw maieriais, the 
exploitatiou m wliscfi are of spc-ci a.1 importante under presenl 
conditions. Tlie ivnrk of tlie different field parties has been 
prmiarily plamied witli the view to the determinat ion of (a) tlie 
areal distributiou, (b) the mode of oocurrence, (c) the geologi* 
c:d relations-hips, fd| tlie valite of the mitieral lesources of the 
districts dealt witli, and (e) the study qf the struettiral features 
of tlie format ions in vvhich tliey are contained. Tlie resulta of 
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these investipatioris, fiave been made available to the general P^' 
lic In four distinet fornis; annuat reporta, bulletins. metnoif?- 
and maps (see fig". 5). 

One of the most edentia 1 portinns of the eqnipment of the 
Department is the Geological Museum, in which the varioit* 
rockp, minerals and fossi! s colleeted l>y the staff in the ordinary 
course of iis d tities, or acqttired by purchase or donation ? re 
exhihited and arranged for the benefit and instructior of tlic 
pttblic in illustrationi of tIte geological reports and maps, Tine 
giiiding principle in the arrangement of the exhibita is ^ ie 
illustrat ion of the geologica! structure and mineral resaurce* 
the State, 111 additi on to the Application of geology to varions 
industria! pursiiit-s, and the more systematic treatment of the 
scicnce of geologv in general. 

An exhihit of this kind will fairly and efficiently represeflt 
llic mineral rcsources of the State, by giving undue prominencf 
10 ito ore mineral prori net, and neglecting nothing that is ess* 1 * 
tial. The value of such a geological exhibit to the State 'vili 
depend solely upou the exaetness with which it reproduces the 
actvial ‘state of knowl erige relating to the mineral resotirces of 
Western Australia, for any exaggeration in orte directiori 
oinission in another tends to leave an erroneous concepi ion of 
the country's resonrces. By arranging exhibits in sucb a manner 
as io give the different mineral products promincnce in accotd- 
ance with tlieir present or prospective importance, many valuablf 
materi ais which are un deve I operi would be brought under thf 
1101 i ce of specialis ts and others, and in cousequence would tetid 
10 reccivc qnicker f!-evek>pmeiit than if they had not been placeri 
011 ptiblic view especially at a time sueh as this, when efforl? 
are heiiig made in ali directioris to develop minerals required in 
cmuicct imi with many trades and indu-stries. 

At the present time the Geological Survey collectioris amount 
to over 1 y.OOO specimens, most of which are in triplicate, and 
over 4,000 microsliries, together with an extensive library, 

The fnltowing publicat i otis of the Geological Survey rncrit 
mention in this connectioni 

The Oriyin, historv, and wcrk of the Geological Survey cf 
Wcmitii Aiififralia- 

Gvolufcfcal slcclch m;ip of Western Australia (1919 editioni 
Sciile, 50 to rnr inch <TM 13.368,000), 

M w Western Australia shmving the diief localUirs at which 
ns^ful tnintra Is and aricsi-in wells nccur, tojjether with the houndsriri 
of fjf>lchjelrls nud oiher mining; districta ScaJe. 50 miles to on* indi 
(1 :3,l6&000). 
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Map of Western Australia showing thc four miles to otic inch 

s-tries of geolojgical sketcli maj^ and otiis rs issusd shee ifc)6 Scalc. 

75 miles to onc indi fi 14,752,000}, (Scc %,, 5.) 

Mining handhonk by A- Qibb Maitland, with 

contrib^Hom by th t suff* This votumt include cbapters on gcn<?ra1 

gfology, mininjzf law, spggestions to prospectors,. and a glossary of 
j^cologica] ancj minmg te™Si 

Bulktin Xo. 50 c-tmtainins >i gcncral account of the geology of 
Western Australia. 

Ihillctin No, 64, in wlikh wiU bt found a revis^d t?r \he 

geology of the State (Rept. gS r p. 79)" t and its itunang fietds (Rcpt. 

59 . P 9 *)- 

A summary of thc geclogy of Western Australia (Min-ing Hand- 
bnnk* Clhapter l) ii the mos( rccent Account of t"he geology of %\i£ 

Stute-r II rampme* 55 quarto pages, with ninnerous illustrations and 

a colored geologi-eal map of the State on the scalc of 50 miles to one 
inch. 

A Kst of puhlkations of the Gcologieal Snrvcy may be ohtaificd by 
applying to the gnvemtncm geo logis t. 


GEO LOGICA L MAPPiMG TN TFIE NORTHERN' TERRITOR V 

Br T, VVayi.a sr* Vaucwan 

The geological map of the Northern Territory, north of 
latittide about i y° 20' S.. on a scale of 20 miles to one inch, by 
Doctor Wollnough, 14 gives tbe Information available oti the gen¬ 
erat geologj' of that r-egion. up to 1912. The report that the 
map accompanies cotitains a selected bibliography of the litera- 
ture on the genlogy. except the Southern part of the Territory 
^MacDonnell Ranges, etc ). As this work must be consulted 
by anyone studying the geology of the territory referencea will 
not be given here to maps pisblished prior to 1912. The follow- 
ing is a list of papers^ accompanied by geo logica 1 map 5 pnbliahect 
in the buUetins of the Northern Territory suhsecpient to thc 
report by Doctor WdllflOUgh: 

Bullet in Nn. ro, H, I. Jcnscn, (irnlonical Report on the Darwin 
Mining Disirict; McArthur River District: and the Barclay TnhJeland. 

pp. r 11 pls_, 1914. Piate I is a hlack and white geolugicat sketeh map 
of the McArthiir River cmmtry nn a scate of 15 miles to 1 indi; 
piate II is a hlaek and white frenloyicn! map of tlic Sir Cii wartl Pel- 
Icw Islands on a scate of 5 miles to I inch. 

Bulktifl JTo, II, J. GfiV and H, I. Jdlstrt. Kcport cm ihc 

Maranboy tinfield: p pp„ i colorcd ircvlogical maps, tOt-J. Tlic First 
map is of (h* MarranW 1 tmfteM; seale, 20 diains (tyjo feet ^ 10 1 
ittfh; the sccOml is a Reologicnl skctcli map of Marranlioy and Kirt^ 
River; scak, t mile to f inch. 

“ WootnouBh, W. O., Report on l h e geotopv of the Northern 
Territory: Northern Territory B«ll. 4, 11 pls. f t gcol, map, fi lext 
%s., igra. 
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ttulltiiin No. 14. H, I. Jtnscn and others, Keport cm thc cmmtry 

lictwt^Ji Pine Crtek iuid 'Tananii, Reconnatesa-ncc of Arnheitn Lanci. 

Obscrvatiods on tnuiiiry hetwccn Pine Crcck and Ncwcastle w^irrs: 
44 pp., 12 -pls., I colored ^cdlc^scat map, 1915. The freoldjiical map 

is a revision of ihc one published by WooLnough in Bull 4, hut it 

is different ; 3( is nn a sfal? of ahout 22 miles I inch and exuritis 

to 21* S> htitmlfr 

Bulknm Xn_ rs, Rcixin tirt Ytrnherric uolfraiii and niolyluUuite 

firld: 4 pp.. 1 cnlored ^coli^ical imp. 1916. The map i* of a small 
a ren; scalc. 10 diaiiis (6fro feei > to e inch. 

Hu Ilei in \rs. t(\ m H. I r Jensen, (i. J. Cray, and R. J. Winters. The 
(rC<T-J^v £^f ;hc Wh^irriinan Province. JCorthcrrii Ttrrilory of Australia: 
~2 pp. b pls. 1 - T7"t> (maps. sectioiis + and pians Y aaid 15 trom planto- 

^raplis. h>?6. This wnrk cnntains seven pcoto^iail sketeh nuips. Foiir 
of tinnii. Elie Wofe^xuiiati Pmvmce h ihc Margarct Risiriti ; tlic Ehir- 
fundit: [Jistrict ;mtl ihv Hnvk's Creek Hi striet are on tlw ^c:nk nf 
40 cimius <2^40 fect } Eo E inch, The stalc of ihc Hroek/s Creek 
uliip is 10 ch;arns C660 fvvtj to ane inch; lh»i of th* couniry iying 

l^nw^o E^rnindic nnfjl pie Mary River, approxirnately 2 mi] es to 
i indi; and th.il nf Hte couniry from BrockS Crcck to Fhtd'^ 

(iiilly. 5 miles to i indi. 

Ihillcun Xo. 39. H. T Jensen, Report an tlie j^oohi^y of the 

Attkvmdi Provme-e oF ihv Xorthern Territnry:. jfj p|i_ + ij pls, sqig 
Thi< wofk ^ttihLiiis ihe ^eolopical -skrich maji* A^coiuli Pro vince: 
C-arteris C-mso|idaud Milies Pmc Creck: \lt IJsivis QindrA»! l Mt 

llianumd Cfi|>per _Mitu-s; Mt_ Da vis C^pper MLileftl aod TraVtT^v tTolll 
Ml. Diain.nnl Mines io t(l*;e of Kr-anite ne-ir Coroeict ii ili C-niT#*. 

T liavc tini scen pnblications oit the geologfV of tbe Xivrth^fiJ 
Tcrritorv nf later <Irr than 191^ AlthougU I mav have 
later publicatkms nf importance* it as obvious thai the Xorthern 
TcrHlorv is s!ill Jargoly ^cologically tinexploreit cnuntrv, This 
wclt dum 11 on Iht map compilcd by Jensen and ptiMidied in 
fhilUditi Xn w 14 of fhe Xorthern Terntofy. 
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AREAL CEOLOGICAL MAPPING IN THE 
PHILIPPINE ISLANDS 

Ry Warren D. Smith 

The Philippine Government maintains a research institntion 
known as the Bureau of Science, One of its divisions is the 
Division of Mines, the descendent of the former separate Philip- 
pine Mining Bureau. At the present time (August, 19201 there 
is only one tcchnically trained person in the Division of Mines, a 
Filipino. In 1914 when the wriler left the Philippine Service 
there were six technically trained Americans in this division. 
one Filipino technical assistant in geology, two Filipno drafts- 
men, and a Flipino slide preparator. The stafT then consistet! 
of a geologist as chief of the division, a mining engineer, a 
petroleum geologist. a coal engineer, a metallurgist, and a half- 
time research worker™all from American idstitutions of recog- 
nized standing. Politica! changes in the Philippines disrnpted 
this part of the Bureau of Science and it is only now that an 
attempt is being made to rehabilitate the work. The former 
chief of the Division of Mines with an American assistant is 
returning for a short period to Iay pians for the future. 

For geological uork dotie previous to 1904, two men de- 
serve spccial mention: the well-known Spanish geologist, Abella, 
and Decker, of the United States Geo logica! Survey, Abella''s 
principal field of work Iay m the islands of Panay and Cebu 
where hc devoted his attention largely to coal. Ile has left 
two books, one 011 each of these islands, which include genera!- 
ized geological maps of the two islands on a rather small scale. 

Becker's work was done at a very unpropitious time, in 
the year 1901, while the insurrection was in progress , Yet, in 
spite of his handicaps, hc has left an excellent summary of ali 
the Philippine geology then known. flecker spent alx.mt half of 
his time in the field. 

In addition to a smali-scalc, genera lized map of the wholc 
archipelago and a topographic relief map of the wholc region 
greatly generalized, the Division of Mines has also published 
detailed maps of the followmg districts’ -Cebu coal field s, 
Benguet gold field, Luzon; Tayabas oil field, Luzon; Masbate 
gold field on the island of the same name; and Batan coal field. 
Luzon. These maps are on several scales. such as 1124.000 and 
1 ;f)0.ooo. In addition, there have beeti issued several reconnais- 
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Fiwie i Ki> io spcial msips of tht Phillppitics, The numhercd 
arcu* endn^ed in ULick lines. i1n.te a scnle. and jinthor of ihe mnps indi- 
csit-ed. nrt- *lmvni in ihe following tnhk: 
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Xo_ Ximic ni Mop 


Da te 

Seal e 

1. Cdm Island 

Abella 

1886 

1 ;ioo,ooo 

- 5 , Pnnziy fsljmct 

Abella 

1^90 

1 1^00,000 

Mancayan-Suyoc (Luzonl 

Kvirhmd 

1905 

1 :24,ooo 

4. Rman Island 

Smith 

1035 

1 :24,000 

5. Coiii|xisiela-Datiacj {CHjiO 

Smith 

1906 

1 :24,000 

6. R^nin (Luzon) 

EvcUrnl 

1937 

1 : 24 . 00 C 3 

7. Arrroy ( Masbatfr) 

Fcnrusi >n 

1900 

1 r20 P 000 

R Mimbmao 1 datui 

Smith 

igio 

I : 750,000 
Approx. 

9. Southwestetn Luzon 

Arlnms 

TQIO 

1 :40G h ooo 

to. Smithenstcrn Luzun 
r r . Kornloc Percisistilu, 

Ailaim 

SOI S 

i 1400,000 

Tayabas (Lnzrm) 

Prjitt 

191.1 

1 :6o,ooo 

11. Pliilippitu 1 Artfiipcta^o 

Smith aml 
otlicrs 

1915 1 

14 000.600 
Approx. 

sance maps on much smallcr 

scales; soiitheastem Imzon 

„ SOtltlt- 

westem Luzon, part of tlie 

island of Mimlanao. and 

severa! 


mineral resource maps. f$ee fig, rA 

A General i zed Geological Map of the Philippiae hiantis has 
been issuerl as Piate r, Yohime VIII, A, \'o. 4, of the Philip¬ 
pi ne Journal of Science, 1913. fly refer ring to this map. large 
hlank spaces wilJ be notcd in the following arcas: die Cagayan 
valtey of northeasteru Luzon; Central Mindanao: the island of 
Palawau; and the island of Samar. 

It has been rec0111 mended before, and will be repeatcd. tliat 
lirst a topographie map of the whole arclupelago be begun. At 
the present time the Coast antl Geodetic Survey and the United 
States Army have undertaken more or less of this work. But 
the Army work is not generally availablc; nor is it always doue 
according to the ideas of geologists but radier for recording 
military features. Moreover, much of the work covers country 
wliich is at tlie present time of little or no interest to the geolo- 
gist and the miniiig engineer. To complete a genera 1 topographic 
survey of the Philippine Islands would require at ieast twenty- 
ftve years and perhaps five or ten millioti dollars. but generalized 
geologic mapping by quadrangles or pro vinces s horni d be under- 
taken at an early date. In the past geologieal work has been 
centcred around some particular mining probtem and it has not 
been posstble to carrv on the work unifomiry over consul er abi e 
arcas. The di fti culti es of geologic mapping in the rhilippines 
are almost unhelievably screat to those unacrpiainted with the 
region, Specialists frotn the United States should be brottght 
out to work on special problems, but a permanent staff to coordi- 
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nate the wcrk in the Philippines shotihl be established in Manii» 
It is highly ciesirable to have both the financial and the technical 
cooperation of the United States Geological Survey, 

The geological problcms in the Philippines are by nu niean> 
local, Much of the geology of the Pacific regi011 wiil have to 
be interpretet! wtth referetice to the geological resuit* alrtaineil 
in the Philippines and work done elsewhcre wiil ait in tlif 
solution of local proMems. 
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GEOLOGICAL MAPPIXG IN JAPAN, KOREA AND 

chtna 

Bv N. Vamasaki 

Tlie geology of the principal parts of the Japanese islands 
has hee« sitrveyetl and rnapped by the Imperial Geological Siir- 
vey of Japan since T879. The Survcy lias published two general 
geological maps and nearly 100 sheets of special maps in larger 
scale with text. The minetal resource maps of the islands are 
published by the sanie Survey. The stirvey atul mapping of 
other large islands, Tfokkaido, Formosa and Sakhalin, were 
carried 011 by their local governmeiits. The first geological map 
of Korea. in scale 1 14.000.000, was prepared by Gottsche in 
1886. and afterward larger and more detailed maps were issued 
by the geological surveys of Japan and Korea. 

In Clima proper we bave the dassical works of Richthofen. 
wliose maps cover most parts of Xorth atul South China. and 
even a ]iart of South Manchuria. To a great extern Loczy has 
snrveyed atid rnapped the inner pro vinces, which remainerl blank 
in former maps. In 1906 the maps of some parts of Shantiing, 
Sliansi. Shensi and Hupei were made by Willis and Black- 
welder. Kecently the Tokyo Geographical Society sent a mtm- 
ber of gcologists to undertakc surveys of various districts of 
China. Already it has published sfi sheets of special maps and 
two general maps, with a text in Japanese. 

Manchuria was rnapped first by a Russian gcologist, Ahnert, 
wbose ex petii: io tis were made in the northeastem part of tliat 
di striet. The Geological Survey of Japan has published also a 
map of Quantung Peninsula. Recently tbe Geological Survey 
of the South Manchuria Railway Company lias publishetl a getu 
eral geological map of South Manchuria. Reside these maps 
there were several maps of special survey published. The Geo- 
logical Survey of japan has published special maps of coal 
fields, oil districts, anci many sheets of agronomic maps. 

The foliowing Ixst includes the published geological maps of 

Japan, Korea, Formosa, and Cltina: 

MAPS ]5Sft!l> IlV THR IMPPR1.1L rROJ.nrUC.U. SURVpV OF JAPAN 

1, General g*ok>gicnl timp ot J;ip;mcHc Em|»ire + 1^000,000, Tokyo, 

1 Q02. 

2 . General gcoln^icaJ map of Korea. l :l^0o b c»G, Tokvo, lQof_ 

I \ 
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Fk;rKE i. Ma|P showin^ prnftrcss of ^wlogk.nl survoys in the Jnp 
i^hncbi Korea «mtl Chin:K The numher* nvirkin^ the limits nf th-e 
iiiiiI >h corri^pnnd vvirh the nunihcrs tn the aecompanvitiK descriptive 
liM, 
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j, (Itnc-ml genii i^icsil m:ip of J.tpancse Enipirc. iiidiulhg Knrca, 

Sakhalin. I-orino.sa, Lintimj'. i :2j000.000, Tokyo, ign. 

4. Gcological rccomiaissance maps. 11400.000, 5 shcits, Tokyo, 

5. Specie) peoloLfical maps, i ^200,000, 99 sheets h Tnkya, 

6. ^lincfiil rrsnurce maps. T iijoo.noo. 5 shects, Tokyo. 

7. 3.1 ineral resonrce map, l :2 b ooo + ooo, Tokyn, ig-r 

K Cicoln^ic:il map of t?io snuthern |i4irt of Limun^ Peninsula, 1 ;t,- 

roo.ooo, Tokyo, 1905. 

AI K\ T M K TlJKVU GK* Hr«ATII IC.W. SCHJIETT 

9 Genera pluca) rc se ardi in Clima, liande ^eolo^ical map of Central 

sniid Souili Cinna, 1:7.500*000. Tokyn. 1917. 
eo. Geographica! researcli in Cinna* gcnlnftical map nf Central aml 
South Clima, Pari i, t -^jno.fxxj. 17 slieets* Totcyo. tgi7; Part 

2 r i 200000, 9 shects* Tokvo. 1 c>i7. 
ir, General geolotfical map of Central and Snitih Chinft. i 2.000,000, 

Tnkyo. 1920, 

12. General gvnlngifiil map of Xnrtli Clutia, 1 12,000.000, Tokyn. nnw 

in press. 

maps issoed 11 v tue OFjor.ucac.u. sutvti? nr sumi mascpvkia 

RATLWA Y COM PAW 

ij, Gc<do^ical map nf the snuthern pari of Liopinu Peninsula. J ;2oo.- 

000, Daircn, 1915. 

14. (xt^ik^ical map of Smith _M:mcH%if H T t 1 : 1,000,™, Dairen. 19 e@, 

MAPS «Y r. YriN RIC htHoFE s 

15. Geolo^ical map nf Xnrih China, 1 750*000, i, t sheets* Hcrlin, 1885. 

16 Geolnyical map nf South Cinna, 1 75i>,ooa, 14 sheets. Ilerlin. 1Q12, 

MISCEM.ASBOPS M APS 

17. Geulo^ical map nf llnkkairin, 1 :0mooO h Sappnrn, HJlS, by Ynshb 

chika OitHHiye. 

iH, Geolngical map of kanifutn* 1 :! .tXNXOOO. Tnynhiini, lOOS, issned by 

■_h*i Cinvunnnmt nf Karafutn l Salclialin V 

u>. Geoln^ical map of Taiwau f Formosa K r :,(0O,oo(k Taihnku. ign, 
issned by :lie Gnvtmiimcn i-General nf Taiuaii. 

20. Gcoln^ical map ai En st Manohuria. St Peiershurw, ujttj, by , \Unerr. 

2i_ Genlnjjical map of Itnkkaido* ] : 1,200,000. Sapporn, liv Kotnru 

J inibo. 

22. Cornu lida S/eehenyi s expeilUian, ^enlo^iea] map. r : 5 , 0 OO^r 3 O, 
Hiicbpcst, 1H94. 11 y L- vnn Lnczv. 

Research in China, ^uolo^ical timp. 1:125,0^0, \V asliin^ton* ioofj h 
by Ibiley VVillis 

24 Genln^ieal map of South Mandiuria, i :ft*tou r j, Rynjun, ioob h 

issned by \hm Gi»vermnctit ot (vwantu 

25 OenWieal map nf Knrea, |:i,oooooo P Seout. IQJO. issued bv the 

Geoki^ical Snrvey nf the G t ne rimieni-General nf Knrea. 
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CATALOG AND INDEX MAP OF THE AREAL GEO- 
LOGICAL MAPS OF EA STER X SJBERIA 


Ltv L ,. AI, Pr iNrn.fi atid H, B. SuLLiv.\M t Section of Fort-ign 
Mineral Reserves. United States GeologicaL Survey 

1'ISEPACR nv KERTRAMO L. JOHNSON 

The exterit of Russia'*; gfeological investigat ictis in Eastefn 
Biberia is not realizetl by tnost American geolo^ists, Geograph¬ 
ica! and gcologie invostigations of the Russiati Far East begaii 
in (he seveiitgciith and eighteeiith centuries and liave continued 
douii to the prement flate. Many reports ha ve been publislied 
enveriiig che results of the varions expeditious, A hibliography 
and an irtcles map to tlie areal geologic mapa of Hasiem Siberia 
ha ve- bcen pfepafed by MtfSSrs. L, M. Pfifldle and H. Ii. Suili- 
van of the Sectinn of Foreign Mineral Reserves of the United 
States Geological Survey. They show soine of the areas which 
lia ve beem mappcrl gcologically, and Ust the reports covering 
these areas, wliicli contain the geologic tnaps indica teri on the 
itidex map (fig. i). The compilat ion is obviouslv incomplete, a? 
Air, Primlle, svho made the search of tlie availabk* 1 iterature and 
preparcd tlie list of gcologic niaps on which tlie index map is 
based, was rcstricted in his search for geo logi cal maps to the 
rejmrls avaihble in tlie library of the United States Geologkal 
Survey and the other libraries in Washington. Tlie rcsiilb 
nliiiiiiicd, \vIli 1e they will he surprising' to many geologists, will 
mnlnubtcdlv be supplemcnted hy coiisidtation of other reports. 
it >1 avai lablc in Wasliington. The prepatation of the index map 
is the work of Mr. Solli van, 

The manu seript subiti it ted by Prindle and Suili van jpves 
full descriptive rletnils for geolngical maps. including ttile iu 
Rtissian and in English. location, scalc, area covered, and the 
gt' 1 'k^iial formations slioivn. Limitations of space make it 
iicve^nry to reduce tliis inanuscript to a niete bst of puhhca- 
t iniis iti which these maps occvtr. 

rrnLic.vrioNS wmcir include tvrolocic.il maps 

Geological Exploratioris in the A ori femus Districta of Siherta, 
uliich includes maps of the following;; Achinsk, Minu- 
siusk and Arriur reffions; Yenisei* Tsipikati, Lena, Zeya, 
Selemjda and Anmr Alaritime auriferous districts; Bur- 
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einsk-Zavitmsk lignite region; basins of Chirimba and Van¬ 
ga sh rivers.; gold-prodmcing reglort of the Olekina-Vitim 
region; Central part of the Patom mountafn eountry; Lena- 
Vitim mountain country; Qlekma-Vitim aitriferous system; 

npper portions of thc Cbichatka. Urkam Urnsha and Nyuk- 
zha river*; Rasjns pf the !gft tributarie? of fhe Bi g Qldoi,, 

and the right tributaries of the Giloui and traverse by trail 
to the Amnr; Statio voi (Vablonoi) rati pe betwcert Rivers 
Sutam and Zeya; Amtir-Zeya Divide; Banks of the Annir 
nortli from Blagovyeshchensk; Tynda River; hasiti of the 
Celemdaha River; and lower part of the Arrigun River. 

Geological and Mining - In ve stipatioris along tlie Siberian Rail- 
vvay, which include maps of the foliovving: Ligntte basin 
of tlie Tchonlyiri and Serech rivers ; middle Chnlim coal- 
bearing ba?in; Districts of Krasnoyarsk, Kansk and 
Achinsk, Yenisei Provmce; Districts of Kanska and lower 
Dditisk; Angara River from the Oka to tlie Yeriisei: 
Xijni-Udinsk District of tlie Trkutsk Provmce: parts of the 
Halagansk and lrknt.sk Districts; areas betwecn tlie npper 
parta of the valleys of the Angara and Lena River; Celen- 
ginfik. Trans-Eaikal, and Xerchinsk districts: Anwr-Zeya 
Divide; Ussuri River between Krasnoiarsk and Khabarovka; 
and npper basitis of the Ussitri, Iman and Uikir Rivers. 

Bulletins of the Geological Committe e, which include maps of 
the Peninsula Muraverv-Anuir and the Rus-kil Is-lanrl: Su- 
■chan coal deposits; the region along the Sucban Railroad ; 
Sclnmdt Peninsula in northern Sakhalin; Russian Sakhalin; 
northwestern part of Copper Island: auriferotis area of thc 
Yolchya {Wolf> River: and Anadir Rxpedition of 1912 
and 1913. 

Maps from Miscellancmis Sources: Imperial Mineralogicnl So- 
ciety includes tnaps of the area abont Lake Sliire and shore 
areas of Lake TJaikal; Dic N eueren Fortschritle in der 
Erforschim^ der Goldlagertfatten Sibiricns includes map of 
Ubersichtskarte der Goldlagerstatten des K11 s net zk y- A 1 at au 
und der Sajancn and Verstich emor DarstelUmg der geolo- 
gischen SmikttiTlimen Sihiriens Zusammengcstellt n. d. 
Darstelluiig v. E. Sness. d, geo logi sclien Karte \ » R„ Rcii- 
tovsky 11. neueren russiischeii Augnalimcn; Mcmoirs of the 
Imperial Russian. Geographica! Suciety includes map of the 
Gold Mines of thc Otekma systetii. and map from the 
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Tikhono-Xadoiiski Mine nn die Kiver Xusjri to tlie Villare 
of Podvolochni on the Cliita; Yerhaiidlungeii der Kussisdi- 
Kaiserlichen Mineralogisclien Gesdlscliaft zu St. Petersbur^ 
includes map of Ge< ignosti scii e Karten und Profile ei.nes 
Theils fies Lena-Stroms und des Werchojanskischcu C>e- 
bir^es. i8j;o: Marekamte deixjsits in the vicinity of Oldiorsk 
and j»e*jlo^ical sketcb of the Western shore of the Oklint'k 
Sea, includes maps of the area including rleposhs of 
Marekanite: and Tcctonic lines of the Coastal re^ions of 
the Okhotsk Sea between Xikolaievsk and Oktrotsk: An- 
nats des Mines contains map entitled Carte Tectcmique et 
Metallo>fenic|uc de la Siberie; Memoirs of the Imperial 
Academy of Sciences contains fjeobgical tra verse map of 
New Siberia Tsiands and ports of tlie Vana, Lena. Olensk 
and A nabar a river?; Reitra^e zur Kenntntss des Rtissischen 
Rdehes u, der Angrenzenden Lauder As iens contains map 
of Der Awatscha-ltai (Kamchatkal ; PetermanV Mittlieilun- 
j^en contains Geolopschc Kartc (Kanichatka'1: PuUctin of 
tlie East Siberian Section of tlie Impcrial Russiati Tiei»- 
jjraphical Society includes map of die Peninsula of Kani- 
chatka; Publicatio» of the Mining Departinent of Russia. 
1905, contaius "eolojfical map of Siberia and the it^cful 
miner ais. 
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liv Alpheo H, Bkooks. Geologist. United States Geo logica! 

Survcy. Washington, D. C. 

Dnring the Rnssian occupatio» of Alaska, emling in 1867, 
tiie in vestigat i em of its geoiogy did not go beyond thc ramlom 
notes of the explorer nmtle by those untrained in the scictiee. 
The most important definite scient i fic facts then obtained were 
fnssik collected at a miniher of loralities. wliirh eventually finnd 
tiieir way to European mu setinis, Owing to the con scientiolis 
labor of Grewingk. Professor of Geoiogy at the luiversitv of 
Dorpat T all these geologic data were oompiled antl coordinated. 1 
Though he had never seen any part of Russian America, G re¬ 
te ingk prepared a geologic map of such parts of this vast region 
as had then beeti explored, Crude as this map is. it is not with- 
ont inerit and represents the first attempt to give cartographic 
presetitation of Alaska geology. Indced it remained the only 
gmeral gcologic map of Alaska for over haif a century, 

During the first thirty years of our occupation of Alaska nn 
geologic surveys were made of the Territory, but rmicli geologic 
knowledge of it was obtained throiigh the work of various 
explorer?. Most prominent among these was Doctor William 
H. Dall, who carrie<l on his researches first as leader of thc 
scient ific corps of the Western Union Telegruph Expcdition, 
and later under the auspices of the Smifhsonian Institute aml 
the Coast Snrvey. Among otlier geologists who rendered val- 
uable Service in this ficld are W, P. lilake, I. C, Russei, anfl 
C. Willard Hayes, and in the adjacent Canar! ia n territory Genrge 
W. Dawson and R. G, McConnelh 

The work of thc United States Geological Snrvey iit 
Alaska was begtin initier a small appropriation in 1895- when 
Dr. William H, Dal! and Dr. George E. Decker stodied the coal 
and gold resotirces of its Pacific seaboard. In the followitig 
year an investigati011 of the gold placers of the Ytikon was made 
by J. E. Spurr, H. Ii, Goodrich. and F. C. Schrader. 

The pubi i c interest aroused by the Klondike gold diseovery 
led in 1898 to a more liheral grane of fumis. when thc System* 
alie surveys and investigat ion* of Maska were Leguli by the 

1 Grcwiiigk, C., hei tragi- zur Kentniss <kr iirojtnphisehcn tind 
ucognostischen Kcschaffcnlieit der Xonl-west Knsie Ainerikn*. mit den 
an]it'L[('ii(lt;n Inseln (triili kc^IokIl' :nul nllit-r miips). St. Ptii-rsliurg. [S50. 
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ITiitcd Stares Geologicat Siirvev. Tliis annual appropriation. 
since contin tiecl. was made specifically for the investigation of 
the niiiicral resources of Aiaska, Iletice the greatest emphasis 
lias Iiad to he placed on economic geology, The animal granis 
varied from $25.000 10 $100,000, and the appropriation tip to 
the ctose of 1920 has totaled $1788,189, Ives<r than half of this 
fund has, hoivever, been allotted io geologtc investigatione, the 
ha. lance beiug tised chiefly for topographic surveys, svith small 
ativutiits for strcani gauging and the collecti oti of mineral 
statititics. 

\\'heu tlie Geologkal Sitrvey began this work inlaud Aiaska. 
except for the vallevs of some of the larger rivers, was alinod 
imktiown. Thereforc, the determinat ion of the larger geologic 
an fi topograplitc featnres was necessary before systemalic areal 
survevs conld he intclKerently carried out, A network of snch 
exploratioris was plavmed arui the making of these was the Prin¬ 
cipal lask up to 1903, These exploratioris carried out under 
great physical difficAiUies-, getierally afforded but few opportuni- 
lics for <leta iled i 11 vestigat ion s, Tliey served, however, to deter- 
mine surae of the larger stratigraphic nnits, and their distribii- 
tioii, as vvcLI as to block 0111 tlte principal tectonic provinces, 
This made it pnssibte in 11)04 to prepare a summarv of the 
genlngy and geography 3 of tlic entire Territory, together with a 
geolugi-e map em a scalc of 200 miles to the inch, This work. 
wIiiIl? verv incomplete, served to correlate the large features of 
the gclfjgv of Aiaska \vtth those of the rest of Xorth America, 

Mvanwliilc, areal ge-ologic survevs were begun in igop and 
lia ve hcciii eontinticd to the present clay. The first work o( this 
kiiirl was of the gokl placer fiekls in the Seward Peninsula 
and nf Ilie eopper-hcaring area of the Coppcr River basim Sitite 
llicn ali the knowit minml-bearing areas ha ve becn mapped. 
Detailcd godogic survevs, bcgim at Juneait in 1903, ha ve since 
1 neu ejctendcd a-^ fast as the fnnds a vadabit would permit. Tlins 
far tliey liave hccn eonfitied enrirely to the important mining 
di st ricis, nn-st of wliidt have heen covered, 

The areas covered by the severa! kinds of geologic survevs 
are s horni ou ihe accoiiipanying map of Aiaska ffig. l). Three 
tyixs of work are recognizetl tn accord with the ptiblication 
scale. vvliidi rmiglily indicates the degrec of refinement on whieh 
rhe fiekl invcsligatioiis ha ve heen made. The Standard publica- 

s linv»i:s. Alfrvfl H.. Tlit* (td^rapliy and gcobjti- of Absk.i: U, 
S. Ccnl. Survcy Prnf. Pnpcr 45. 
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(rui scale for tlie expli >rmory survtrys !> f ^co.OOO, There are. 
li(nvt-v<*r, nrany arens wlikli liave been mapped 011 a smalUr 
>C<h1o. L |i to ille elose of K) 2 Q a tota! area of "3,000 septam 1 
miles had licuit mapped itl Ala^ka nn the exploratore scale. 
A project is also under way nf issuiii" a series of map* ut 
Vlnska (in a scale of i :^oo.ooo vitii the pnrpnsc of illiistratiiie 
the ^colo^y of ilie different provinoes. None of the.se majis lias 
hoctl (mhlislled Init mie lias hecn compiled of lhe Seward 
IVninsnia and ntliers are nuder vay. The gcolu^ic reconuais- 

siincc maps are publishetl on a seale nf i:25,0.000. At tlie 
olo se <if ]<)20. id *,ooo s(jitarc miles of Alaska had lreen inap|*.‘'l 
oit tSiis scale. To meet the immediate demands of the miner 
and prospector tliese recoti na i ss ance maps tiave* far as tlie 
pulil icat ion f uncis permitted, liecu issued as soni as tlie fidd 
work in any speciul roifion vas cnnipleted. As a resuit tlie 
publtshcd maps are for the mcist parr of very irre^nlar outline. 

Tlie 1 ‘,250.000 scate lias hecn adoptet! for tlie Standard 
Meolo^ir tnnp of Alaska,. Tiionirh called recuntiaissaucc mnps, 
iit tlleir liual tnrrll of publicatum they will txr aCCilfatO tO tlu' 
scale, whicli do^s nnt, however, pe nuit ddmcatmg the "colo^Y 
t<9 the stme dejrree of refinement as cati be dono on tlie de- 
tailerl timps. The Standard unit of publicat io 11 is a (jundran^te 
mensure 4 dcjjrees of hnth latiuide and lnnjjittide. 3 Standard 
^colngic tnaps vili tlien be published as quadrangles, and in- 
cluded in hnllctins wllicli vili coiit a in text descriptio»is, 

Tlie delailud i^eolo^ic maps are published 011 a scale of 
1 ;(> 3 , 5 tx>. The Standard <>f aceuracy and refinement are tlie *ame 
as for simi lar maps made iti ilie 1 'niled States prope r, Detailed 
tfeoloifie maps of Alaska now cover a total area of 5.400 sipiare 
mites '1’he makin£ nf such map*. inclu-ding tlie hase. is ven 
expetisive. I*ur tlie prcseiit 110 attempt is made to- surver recolar 
quadra 11 idc* but the rtdd work is contineri tu the areas of i^reat- 
est eciiMoinic impoti ance. irrcspectivc of their nui line. The 
resuit s are publislied as bullet itis and pro fessiora 1 papers. 

"The \vMi-ni n>i" nunil>crLii|4 tif ^.taiidanl gwl^J^ic and (t^)po^raphic 
nb-jp^ of (sc-elIi' 1 : 251^,0001 \> eis fnllows : Tlie Iitsi twm JiiCili 

uf tht inunlier nre tlu- s:mit E zk< tli^se of ^hc parallel of 3atihi<le wliicfi 
1hhiik 1> the fuciMlrmi^le <jii [Ei v sianih. The thircl is detcrmin^l 

hy ihe tlie iiTiEidran^le fremi \h? extern h^tind^Tj [ff 

Alaska. F^r v^atn^k", N«. (iq\ b the Iving 

(1 r ilit 1 Cunailiati InuinrUsiry 011 liic fio" pnmltdp Tlie tietaileJ 
jH-iilr i rvedvv t\ IvLtvr m iuhlitioii w ihv mimber of quadranglc 

tu which il i%-y 1F. 
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Faleomologie fkhl mirk was hegun in Aiaska in lrjo*. wlicn 
Vrthur 1 iiillick conmienced snidy of tlie Cret&eeou* and Tertia ry 
pf ant-hca ring beds of tlie Vnkon. Tti tlie folUnvitig voar, T. W. 
Stanton. in company with Genrge C. Martin. iimugurated t Iu* 
investitjation o-f ihe Aiaska Mcsnzoic.. Qther paleoiitologists ivlni 
ha\*e dotic fidei work tu Aiaska are E. M. K indic. Eclwin Kirk. 
and Cenrge 11 . Girty, Ift addit ion tn llieir ficld work. tlicsc 
paleontologists liave grcatlv aided tlie fleterniinatioti of Alaskii 
stmtigrapliy hy shnlyiiig llic foliis collceted hv ollicrs, There 
are inw iu haud very large coi lec tiniis of fossi Is ftrotn Aiaska 
whicli avvait tktailed stiidy. Piatis for tlie monographic treul- 
menf of tliis mawrial ar e tinder way hnt tlie onlv projtct that i-= 
Tivanii" complet ion is the deseri ptkm of tlie l'pper Cretncemi* 
and Tertiary floras hy Mr. Hollkk. Meanwiiile, George C- Mar¬ 
tin is preparing a summary of Mesmoic geology of Aiaska. 

The firsl geologic map of Aiaska. proparcd in 11)04, \v:is 
revised aml incorpmrateil in Hailcy Willis’ map of N"orth Amer¬ 
ica issiied in iyi2. Tliis is tlie late st publislied gmlugic mar> of 
Aiaska. but one is in eo urse of compilatum ou a scale of 

T :2.500,000. There is also ii<iw in print a sliaricd relief map 
fseale 1:2,500,000) of Aiaska by John \V. Retishawe whidi 
admiraldv deHneates its pii vsingrapliie fcuUires, The veri ter is 
erigaged in preparing a hrief treaiise on tlie tectonic history uf 
Vlaska, 

The investigations and surveys recordod almve uere made 
under tlie auspices of ilie l iiited States Geological Survey. 
Owing t<> a shortage in |irlntitig funds tliere are now many 

nnpttblislsed data on haud. The Coolugical Stirvey has ivtucd 

upvvards of one ImnfEred publicati* m* denling with the genlngy 

of Aiaska, 

In additicii tn th-e ab*vvc there iimst bt* recorded some jm- 
jmrtaiit geologic investiga tinus made tirnler nther auspices. Mr, 
l.effingvrell devo teri sorrve stx vcars to gcologEc investigat i ons of 
the tiortli Arctic slope iti lite cciurse uf whicli he mapped an 

area of 6.000 sfjiiare miles. 1 Tliis wurk was me entirely t>n 

Ilis oivn initiative and expense 

Extensive Aiaska glacia! stndies liave also Ueen carried on 
tindcr various auspices ai^l 1>y many gcopigists, The carlicr 
tvork of iliis character tv.is hy Jolm Afnir. C,. Frederick ^\'right, 

1 Incfliii^Mt']], K. de K.. The Cunni River rvuirnl. Xortlu-rn 
Abskai L'. S Gvol, Sarvi-y 1’rnf. Piiper nnj. mifj. 
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Harry FidrKng 1 Reid. and I, C, Russei. These investigfitwn* 
*vt>re summarized bv G. K. Gilbert, wlio also made personat 
observat ions in the field* and by George M. Davidson. The 
recent tuore ex hausti ve studics arui detaiied surveys oi the 
Alaska glacier? are chiefly by K. S, Tarr and Lawre«ce >Janin. 

In spite of the j^reat progress made duritig the last qnarter 
of a century in the geologic mapping of Alaska tliere stili 
rcmains an area of sonie 300,000 square miles svhose geology => 
almost unkiunvii. UntiI thi s is mapped the re wtll remain a hiatus 
in genlogic fenowledgie whieh nnist necessarii}' lead to fauliv 
gcneraliiations. 


Digitized by Gouglc 


□rigir.al from 

HARVARD UNIVERSITY 



GEOLOGICAL MAPPING IN THE CANADIAN 

CORDILLERA 

Ry Victor Dolmacf., Geologist, Canadian Geological Survey 

The great bulk of geological work in Rritish CoUimbia and 
Yukon Territory has been performet! by the Geological Survey 
of Canada, Geological work was hegun in the Canadian Cor- 
dillera in 1859 when Hilary Rauerman began a traverse along 
the forty-ninth paralie!. No maps, however. accompany his 
report, whirh appeared m 1884. Actnal geological mapping was 
begun in 1871 by Jamgs Richardson, who studied the coalfields 
of Vancouver Island. 

From 1871 to the present over 90,000 square miles ha ve 
bcen geological ly mapped, and about 4000 miles of water routes 
traversed. About 42,800 square miles of this was done by early 
explorers oti a scale of eight miles to the inch. and though 
some of it may be classed as good reconnaissance survey, much 
of it is only exploratory work. About 3100 square miles of 
good reconnaissance was done on a scale of six miles to the inch 
by more recent workers. About 32,600 square miles were done 
on a scale of four miles to the inch, atl of wliich work is good 
reconnaissance survey; and some of it may even be classed as 
detailed work, About 10,200 square miles were done on a 
scale of two miles to the inch, all but a small portion of which 
is detailed work, About 5800 square miles were mapperl on a 
scale of one mile to the inch, all of which is detailed work, and 
much of it very detailed, About 163 square miles of refined 
work was done on scalcs ranging from 400 to 2640 feet to the 
inch. 

From the standpoint of the character of the work produced, 
mapping in this region naturally divides itself into two period», 
The divisiori, which is by no means a sharp one, comes shortly 
after the heginning of the present eentury. Prior to that time 
most of the work was of an cxploratory or reconnaissance 
nature, whereas nearly all the work since has beeu detailed. The 
maps of the earlier period embrace huge areas done on scales 
of eight or four miles to the inch, while in the later period 
smailer areas were undertaken, and were much more thoroughly 
traversed, The geographic base maps nsed by the earlier work¬ 
ers were inferior, and were usually prepared by the geologist iti 
conjunctiori with his geological work. The tendency to extend 
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geoLogical boundaries into unexplored regions was greater in 
the earlier period, but not oonfmed to it. The men of the 
earlier period were essentially straligraphers and accented that 
phase of geology, devoting much of their time to areas underlain 
by sedimentary rocks; in the second phase more stres-s was 1»id 
upon petrography, and the study of the igneons rocks, Economic 
st udi es during the earlier period were largely of coal areas, and 
placer ground, while in the second period more attention was 
devoted to metalli ferous depostis. 

Qn the whnle the work of the two periods differed in kind 
rather than quality, and it can be said with emphasis that the 
earlier workers, sudi as George M. Dawson, A, "B, C. Selwyn, 
R. G. McConnell, James Richardson, James McEvoy and others 
laid with skill the broad and seCute foiifldatiOtts upon whith ali 
subsequent work mu st be built, Dawsot/s work was of an 
cxceptio-nal character* and will always rcmain the basis for 
future work in almost every part of the Canadian Cordillcra. 

Three kinds of rnaps were produced in the first period. The 
most primitive were made by traversing the great inland water 
roiitps and either mapping the geological formations encnun- 
tered, ot* a?! in most cases, merely sketching in the topography 
and rtescrihlng the gecilogy, In th:s way Selwyn examined some 
of the proposed routes of the Canadian Pacific Railway in 187] 
□nd rS75, which included parts of the Fraser, Chillacoo, Pars- 
nip, Pine and Pea-ce rivers. Dawson examined the Ytjkon. 
Stikine. Skcena and Peace, and McConnell the Yukon, Liard. 
Pnrctipine, Oimneca, and Finlay rivers. 

The second type of map produced by the workers of this 
period was otte which. covered large areas from 6000 to 30.000 
Ff piare mile? in extent cn a scalc of from four to eight miles 
to the inch. The work which involved a great deal of topo- 
graphic surveyitig', as well as geological mapping 1 , was usually 
completed in one or two seasons, and was, therefore, of neces- 
sity snmcvvhat sketehy. The geology was mapped usually quite 
aceti rately along the lines traversed, and the formationa! bound- 
aries were then extended into the inter veni ng areas, a practice 
which detracteri from rather than added to the ralue of the map. 
As examplcs of the earlier maps of this type might be men- 
tioned Daw ? son T s map o£ the sOuthern poTtion Of Uritish Columbia 
from Okanagan to Harrison Lake, and a similar map by the 
samc author embracing over 30*000 s-quare miles lying betwcen 
longitude 122"“ and 127" and between latitude 51 0 and 55®. 
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Towards the end of this period t!ie maps of this type were con- 
siderably improved by having much more detailed and accurate 
work done on them, for example Joseph KeeIe T s map in the 
Mayo Lake district of the Yukon and J. C, GwillinYs map in 
the Ati in district, This type of map reached its perfectio» in 
DawsorTs Kamloops and Shuswap shects publisbed in 1B95 and 
1898, respectively, on a scale of fonr miles to the inch. 

The third kind of map produced in the early period was a 
detailed map on a scale of four miles to the inch, embracing a 
small area in some caal-bearing district, Examples of this type 
are Richardson’s map of the Nanaimo district, published in the 
Report of Progress for 1876-77, James McEvoy’s, D, B. Dowl- 
ing’s, and W. W. Leeeh^s maps of the Crow f s Nest district, 
published at a later date. 

The seccnd period began with the work of R. G. McCon- 
nell, R. W. Brock, O. E. LeRoy, Charles Camsell, and others. 
The first map of this period, Brock and McConnelFs West 
Kootenay Sheet, was a "four mile” map embracing over 6000 
square miles, and is only distinguished from the maps of the 
earlier periods hy having a greater jmount of accnracy and 
detail resuit ing from more complete traversing, and application 
of petrography, which differentiated a number of types of 
igneous rocks, which would have been mapped by the earlier 
workers in One color, After this work came a more distinet 
change in the class of work undertaken, in the methods employed 
and, consequently, in the results obtained. Ali of the workers 
above mentioned devoted therr.selves to the close detailed study 
of mineral deposits and their immediate vicinity, and after 
1907, it became for a time the policy of the survey to do this 
class of work. There resulted a great nnmber of small maps 
covering a few hundred square miles at most, on scates ranging 
from a fraction of a mile to two miles to the irich. These were 
exeeuted in great detail, and, though a topographic division had 
not vet been established in the Geological Survey, accurate con- 
to«r maps were u&ed for most of this work. 

As examples of this type of work we have Brock*s fI Bouiid- 
ary Creek Mining District” published in 1905 on a scale of one 
mile to the inch; the “SpeciaI map of Rossland” on 400 feet to 
the inch, "Rossland Mining Camp” on 1200 feet to the inch, 
and "City of Rossfand" on 1600 feet to the inch, published in 
1909? also "Klondike Mining District” on one mile to the 
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inch in 1905, and his "Whitehorse Copper Beli" 0« 400 feet t<> 
the indi atid one mile to the inch in 1909; CamselVs 'Trincctati 
Coal Basin and Copper Mountain Mining Camp" on one-half 
mile to the inch publishcd in 1906, his “Hedlev Mining" Camp' 
011 1000 fect to the inch in 1908, and his “Tulameen"' area on 
one mile to the inch published in fQti ; LeRoys “Nelson Dis- 
trict” pubi i sh eri in 1904, his “Phoenix” maps and his “Mother 
fx)rie and Sunset” published m 1911, and D. R. Douiing'^ 
“Cascade Coal Basin" issued 190?- 

The only work done at this time on a fwrale of four miles tn 
the inch are some shore rnaps extending from Yancouv-er to 

Burke Channcl by LeRoy, R, P. D, Graham and A vi stiti J. Ran- 
croft This first phase of the seeond period may then be cott- 
sidereri one of intensi ve economk work on mirerat deposite. and 
the rcsults obtained were of ecotiomic rather than pnrcly scieti* 
tific valne. 

Folloivitig this period of L11I ensi ve economic u ork came one 
in vvhich, though economic geology stili took a prominent part. 
01 lier ptiases of the Science sudi as physiography, structnral 
geology, stratigrapliy and petrology received mucli attention 
This period hegan with Da 1 y’s worle on the Forty-Ninth Paral¬ 
ie!. whtch differet! markedly from the work just describet!, first 
heeause the work was of a different nature, having a different 
object in view and being done under conditions necessitating the 
uso of less precise metlxids, and second, because of Daly> 
inicnsc interest in the theories of petrogenesis which he was at 
tliat time evolving. The midertaking was a large one, the time 
was limitcri* adequate topographic base maps were not afway 4 
a va i labi e* no geologically trained assistant was employed and 
l!ie work was confineri to a narrow strip along a straight line 
wlu-re otiterops were sonietimes scarce and fossilifcrtms expt*- 
u res stili rrmre rare, The se conditions necessitated hasty work 
with an in sufficient numher of traverses, and as Daly hiinsdf 
says, the qua Iit y of the work lies half way between reconnais- 
sancc survey and detailed survey. As a natural re&ult the maps 
now ptthlished on the mile-to-the-inch contour maps of the 
Bonnriary Cnmmission do not posse ss the accuracv they woiiltl 
suggest and alrearty suhsequent workers ha ve had to make some 
important chatigos in the structure and stratigraphy, Dalv’s 
later work on tlie Shn.swap Sheet and along the Canadiau 
Pacific Kaihvay is simitar in diaracter to that jitst mentioneri 
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About this time the topographic division of the geological 
survey was organized. and the excellent contour hase maps it 
producet! had a decidedly favorable influence on the geological 
mapping done. 

A considerable amount of “four to six mile" work, partly 
of a reconnaissance nature and partly more detailed, was done 
during the period; for example C. H. Clapp's map of '‘Southern 
Vancottver Island" published in 1911; D. D. Cairnes* “Upper 
Whitc River District,” Yukon, issued in 1915: C. VV. Drys- 
dale’s “Rridge River Area,” 1915; S. J. ScbofieM’s "Cranbrook 
Area,” 1912 and 19T5: and J, D. MacKenzie's map of “Grahaui 
Island” published in 1916. All of these maps cover relatively 
large areas and some of the geological boimdaries mapped were 
not traced out in the field. Quite a mimber of “two-mile” maps 
somewhat more refined than the “four-mile" maps were also 
produccd by these geologists, good examples of which are: 
the “Field” map area by J, A. Alleti issued in 1915; tlie 
"Tantalus Cnal Area” and the ^Ynkon Aladca Interna¬ 
tional Boundary,” lioth by Cairnes and issued in 1915; “Texada 
Island” by McConneI: the "Hazetton District” by J. J- 
0 'N T eill; and the "Rlairmorc Map Area,” Alberta, by Rruce 
Rose and W. W. L,each. A great deal of work was also done 
on a scale of one mile to the inch and less than a mile to the 
iuch, all of vvbicli was done in great detail and with con¬ 
siderable accuracy btit which was not necessarily directly re- 
lated to mineralized areas. Examples of this class of work 
are the “Nanaiirin,” the "Victoria,” auri the “Soanish” sheets 
bv C. H. Clapp, and the “Dutican,” and "Sooke" sheets by 
Clapp and H* C. Cooke al! of which cover areas in Southern 
Yancouver Island. Also the "Wheaton District," Yukoti, by 
Cairnes issued 1917, the “lieaverdell Area" by L. Reinecke 
issued 1915. the ‘Franklin Mining Camp" published iti 1914 
and the “Ymir Area” published in 1916 both by C, W. Drvs- 
dale. J. D. MacKenzie’s ‘‘Southern Graham Island” published 
1916 and his “Flathead Coal Area” published 1917, Schofield’s 
“Ainsworth” map on a scale of 2000 feet to the inch done in 
1915 and published in 1918 is also a good cxample of this 
class of work, Manv sinall maps on a larger scate covering 
mineralized arcas are also incorporated in the reports by these 
men. The period as a whole may be characteri zed as one in 
which all the pliaws «f geology receivod atxmt iv|tial attentiori. 
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This policy which has. heen in, effect since t()l8 is to confine 
the work to areas of known ecoromic importa nce or to areas at 
present witfiin easy reach. of transportation, 

The work in these localnies is bdng carried on by a 
younger group o i meti havjng a similar training to those above 
mentioned and the work is of a siimlar character. 

In carrying cuit tfiis policy, Schofkld has mapped the 
Britarmia mineral belt lying between Howe Sound and Burrard 
Inlet. J„ j, 0 ’MeiII began and Georgc Hansen is completio^ 
an area in the Salmon River District of northern Britlsli 
Columbi a. W. E. Cockfidd lias j u st published a sbcet oti a 
scale of four miles to the irtch embracing Sixty Mile atul 
Ladne river* in the Yukon District and is at preserit engaged 
in mapping in the vi-cinity of Mayo L^lce, W, A. Johnson 
has j u st complet ed a detailed investigation of the Fraser Delta. 
\ ictor Dolmagc has just oompleted a shoretlne map of the 
west coast of Yancauver Island from Barkley Sound to Cape 
Scntt which was executed on a scale of one mile to the incb. 
In Caensqll made a geological map of a scction alotig the 
Pacific Great Eastem Railway from Sqmtnish to LilNooet. 
B, R. McKay "began and W. A. Johnston will continue a de- 
tailed map of superfictal geology in the Cariboo gold placer 
belt in centTal British Columbi a. C. E. Caimes Is completing 
a map of an area along the Co-qnihalla River which was be- 
gun by Camsell in 19[Q, M. F. Rancroft is engaged rn mapping 
a large area in the Slocati district southeast of Revelstoke. 
J. R. IfarshaH is cotitiniting the deatiled mapping in the Elk 
River district In eastern British Columbia which had been 
carricrl on previotisly by Brnce Rose. 

The progress made in geoJogical mapping of the Canadian 
Cordiltera is shown in the accompanying map (fig, i). 
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FiGuke i. Index map of Rcological wi.rk donc in Vtilcon Terriiory 
and Hriiish Columbi a up to ig 20 . 
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GEOLOGICAL MAPP 1 NG IN' THE WESTERN PART OF 
THE UNITED STATES, CENTRAL AMERICA, 
AND THE WEST IN DIES 

13v T. Wayland Val-Ghan 

WESTKKX IMKT OF THE UNTTEl) STATES 

Tlie data here given are for the States of South Dakota, 
Montana, Hyoming, Colorado, New Mexico, Texas ea st ot 
!\?cos River, Idaho, Utah, Arizona 3 Nevada, Washington. Ore- 
i^u-n. atid Califomia, 

For an arcoiiut of the sonrces of data on the geological 
cartography of the United States, and also on that of Canada, 
Mexico, Central America, and the West Indies, \Villts*s Lndex 
tf> the strati graphy of North America 1 sbould l>e consultetl, as it 
contaitis ref-erenees to virtually ali tlie important geo logica. 1 maps 
of tliose regions puhlislied prior to ign. Tlie bibliographies of 
Xorth American geology publishcfl annually by the United States 
Goological Survey contain refercnccs to geological maps and 
Information on maps issued since Willis’s work iverit to pres* 
eaai be fonnd in them . 2 An other valuable work of referente is 
O. E. MeinzerV Bibliography atid Index: of tlie pubi icat sons of 
tlie United States Geolngical Survey relating to jjround water. 
The list of publications of the United States Geologtcal Survey, 
whicli is iudexcd, will Iielp in finding references to maps ptii>- 
lished hy the Federal Survey, 

The accompanying map (tig. i i takcn frenn the Fony-first 
Rilulial re^Hjrt of the Director of the United States GeologLcal 
Survey shovvs the areas covered by geological maps published 
hy the United State* Gcological Survey prior to JuLv, 1920, but 
a. conside rabie n mulier of other maps ptiblished or in prepa ratum 
need to bc meniioiied. 

The follinving arc notes, acconfing to States on other maps: 

'V i\ Survey Prnf. P;i|>vr 71. {»94 pp„ 1913. Prcparcd t<) 

iiccDTiipriny the iitulc^iefil Jlnp of Xorth America, ccmpiled by Basic? 
WiEIis ^ 11(1 (r \V. Shxo, H«llt’ 1:^,000,000, 1411, 

‘The U. 5, ficui, Survey Giitl. Numbcrs of tliesc Uiblinuraphius, 
:itl hy J. ftl. Xiekles. Tiojjimiin«: witli iqio are as folloics: For tqio. 
Xd. 40$; lylt. No, fU'j: 101JT, Xo, 545 i > 9 U. N". 5S4: IQU, No. 617: 
1915. Xo. [145: meti. Xo. fit»,;: 1917, Xo. 684: 1918, Xo. 6 q8. 

1 U. S, Cn.nl, Survey UakT-Sup, P:Lper Xo. +J3. pp, 167, 15 pls., 
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Sotrtft Dakota. No generat geological map of the State ha? 
been published, but there is a large amount of data avaibble on 
the areal geology of the State. The key-map (fig, i) shows the 
status of the work drnie by the Federal Survey. A bibiiography 
of the Black Hilis* by 0 ’Hara eontains a list of publicaiions on 
that pari of South Dakota that needs cosisid erat ion in the pres- 
ent conneclion. 

Afontana, C. H. Clapp, director, Montana Rureau of Mine? 
atKl Meta!lurgy, has in course of preparation a map of the State 
in two sheets. The eastern sheet will probably t» published in 
More fieid work is. to be done on the westem half of the 
State be tore a map is published. 

IVydining. Comptlation by J. D. Sears on scale of I iJOO.OOO. 
Maimscript map completcd but not revised. Date of publicatiofi 
tutcertain. 

Colorado. R. D. George, Geological map of Colorado, 
1913. Scale; 1:500,000 approximately 8 miles to the inch. 

Texas, 1\>cst of Pecos River. The only geological maps of 
that part of Texas west o-f Pecos River published by the Uniteti 
States Geological Survey are the El Paso and Van Honi folios, 
botb by G. R. Richardson, each on a scale of 1 : 12 5,000. but the 
Uni versi ty of Texas lias tssued severat reports accompanied by 
"cologiral niaps since 1910. They are as foliows: 

Rcvitw nf itie geology of Tejeas by J. A, Udtlen, C L- Baker 
und limil Ftost: Univ. of Texas Bull.* No. 44, 1:64, p-p,* gtologkal 

niiip cui scelIc of r:J r 50 Q. 0 GG_ 

Xotes oi\ ihe geology of Glass Mountain by J s A. UddcTi: Univ. 

of Tuxas liiill. X<u 1753, Bur Econ. Geol. and Tccbno 1 , p 59 pp., 3 pfe; 

Gcoln^ic cxploTniioti of iht southtasttm Front Range of Trans-Pet^ 
Texas, Uy C. L. Baker and W h F P Bowman: Ibid. M pp. 63-177, 9 pls.. 
and e co lorei I ^cologkal map on a scale of 1:3180,160=1 inch to 6 
511 ilos, Tgi^- This- map corers parts of El Paso t Jeff I>avis p Retvci, 
Pcens., Brtwstcn *mcl Fresidb countits, bctween Lat. 31* 10" and 29“ 

- 1.0'N-. Jintl Lujik. 102*40* atul 104* 30' K 

TIk- gvoiuKy of Terrell County by D, p, Chri strier and Q, C, 
WhcL-lvr: Univ. i>f Texas Bull. No. 1819, Bur. Econ. Geol. an-tj Tcchoph 
PP. Sjds., 191S. Skctch geologtcal itiap on a scale of about r in?h 
tu 7.5 miles, 

XoU-s on tlic geology and the oil possibilities of the norihen 

Di;il>]o Platc^u in Texas l>y J. W. Beetlei Univ_ of Texas BulL Nh. 

Bur. Econ, GcoI. and TecbnqL, 40 pp r , ? pls. p 1918. Piate T 
is a colored ^eoh^icid m.ip on a scale of ahmit one inch to 1.^5 miles. 

*O l Lira, Cleoplias C. A bibliography of Ihe geoloRy aod rtlimri; 
intm-sls of t 3 ic Black Mills region: South Dakota. School of Minei. 
Dce>I- of Geol,, Bull no. it, r>p. 216-17, with a black and white bait 
map, Ipi7 
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The University of Texas has also published a bulletin. on 
the geology of Val Vcrde Coutity, a small part of which lies 
west of Peeos River. 

These maps taken in epnncction with the Kl Paso and Yan 
Horn folios, the other map& listed® below, and a considerabit 
body of general geological Uterature, not listed here, give a fairly 
good idea of the largxr geological features of the mountainous 
part of west Texas. It may appropriately be added that the 
United States Geological Survey has published many topographic 
maps of the region, , 

N^tv M&jfiito. Dattort, N. H., Red beds in New Mexlco; 
U, S, Qeol, Survey Prpf. Paper, In pre-paration, estlmated dfttr 
of publication, 1922. Contains- map of State, scale 12 miles = 
1 inch. 

Uiafu ihitler, B. S. t LonghUn,, G. F.« Heikes, V. C., atitl 
others: U. S, Geol. Survey Prof, Paper ni, 1920, scale 12 miles 
to the inch. 

Arizotta. Darton, N. H. p Field svork in progress on map 
of State in eociperation with State of Afizona. 

/ daho. Thomson, Francis At, Director <?f B^ireau of Mines 
and Geology, Moscow, Idalio, has in course of preparation map 
of State: status unknown. 

Nevada. No compilat ion started. 

Washington, Mos.t of the State of Washington has heen 
geologically mapped, at least in a prdiminary way. Those areas 
mapped by the United States Geological Survey are indicated in 
fi gure I. The Washington Geological Survey has issued a vol- 
ume’ that is acconipanied by colored geological maps for most 
of that part of Washington west of longitude 121 9 30' W. 
There is a general map on a scale of 7.5 miles to the inch, and 
there are other maps with the following tities and scales: 
Piate 3, Areal and stnictnral map of south westem Washington, 

*Udden, J. A., A sketeh of the scology of the Chisns Country, 
Brewster County, Texas: Univ. of Texas Bull. Xo. gj, lip, ror, 1907, 
Tliis report is accompiinicd by ei colored geological mnp by Renj. F. 
Hili and J. A. Udden, entitkd, ‘‘ Geological map of a porlion nf west 
Texas sliowing parts of Brewster, Presidio, Jeff Lfcivis. and EJ Paso 
coumies and south of the Southern Pacific R, R.: scale. 1 m, = s 
miles. 1904. 

Ri.chards.on, Geoi^c Burr, Report on n reconnaissniice in Trans- 
Pecos Texas north of the Texas and Pacific Railway: Univ. of Texas 
Bull No, g pp, 118, n pls.. 1904 Piate 1 is a eolored tteologicai map 
on a scale of aboiit 18 mi, to 1 in. or 1 : 500.000, 

"Weaver, Charles E., The Tcrtiury fcirmntious of Western Wash-* 
tnptor, Washington Geol, Survey Bull. No. 18. 327 pp., 30 pls„ 1916, 
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scale 2 miles to the inch: pta*c 4 lias oti ii four maps: A, 
General Reologic and strue tursi map r»f the westcrn and nonh’ 
em niarpm of the Olympie Peninsula, scale 2 miles to the inch : 
B. Arcal and struet ural petdogic map of a helt extending aero?.' 
the Pu^et Sonnei Bascn intn the Cascade Mountatns. s.cale t mile 
t-o the incli; C. Area! and structural j^eologic map of the Qnim* 
per Feninstila. scak 2 miles to the indi: D. Area! and structural 
,treoloo-ic map of tlie Cathcart Cherry Valky Retnon, scale 2 miles 
to the incEi. Resides these maps in a pocket at the back of ihe 
volfinic, there are sonte black and wliite maps imerkavert with 
the text. Piate 30. opposite paq:e is a structura! jjeolo^k 

map of Western Washinjjton. 

Orcgoit. There is ik> general geological map of the ?iatc 

ColifoniiiT. i! es jdes the maps of California already issut?! 
hy l ititetI States Ocologkftl Stsrvty. other maps published hy 
Ktber ongaivjzatlons. maps that ha ve l>een finished but not yet 
piihlished, and work m progress need mention. Prof. Jame^ 
Perriii Smith lias hlled a great want by compilmg a jjeneral 
“Ocologtciil map of the State pf California.’' 7 pn a scale of 
12 miles ifi e inch, abont 10 kilnmeters to 13.5 rrulUnteters. or 
ahiHit 1 ijejn.ono. Other maps deservinj^ mention are as follows: 

T 1 h l A;i]|i»n Sim reitton, by John fv Itrown ; L'. 5 >. fkol 

Snrvev WahT Stipply 1’iiper, in prc-pamiion. Cfmtain-s tvconiiaissamx 
j:v< >I‘lyde 01:1)1 Scale 1 rsno.noo, 

<K*oU>i;y ntnl Kfround waters nf ilio westcrn part of Snn Pies" 
Cnnniy. Calif.. hy A. J. Kllis: Lf S. (Icol Sitrvey ‘Wnter Siifiply Paper 
44 ^. imo Pn-iiiirina ry ncnlogic map of San Dic^o Coutity. scak 
1 yyn.nno 

■fVi-nhifiv :iilh 1 ml in Kvni Crntniy, Calif., by \V, A. tLiiglish: V- ? 

(ii'nl, Smrvcy H11II. 721. 1921. With KCi>l<>jdc;il niap and seciicm ot 

noriTi u , f«i4 < rti K i‘ni Cottnly. Currchiiinri cltart showmg variiitinn o( 
V^ums-riK ; mei Marioipa Fiiruuitinii ;iI<hk '-tr-ilte, Index map ni 

MHtt Imo si Culi fi irnfci. diiiuJtic <urcn cniisider-cd iit report. Pmduttion 
ili:i«r.'LH(i Seal e <>1 jie* dt T c<:;i 1 map 1 :125,000. 


CRXTRAI. AMERICA 


Verv [iule ^cok^ical uirtograpliy has been (Ione in Contrai 
America since tliu piihlication nf Raitey Willia’s index to dic 
str;tt{grai>liy of \orth America 111 1912. The onty map of anv 
particular significance is oue of Fatiama Canal Zonc hy Doualtl 

1 1 !Ssul -<1 Iiy Ilie Stiilv M ininit liurean nf California. 1916. 
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F. MacDonald. 8 Doctor MacDonald has prepared a general 
t ecomiaissaLice geological map of the Republic of Panama on a 
scale of 12.5 miles to the inch, biu It is stili in mannscript, 

WEST INDIES 

Cuba. Virtually the on)y geological map of Cuba is the une 
enlitled "Croqtiis geologico de la Isla de Cuba" by Manuel Fer- 
nandez de Castro, supplementcd by Petlro Salterain y Llegara* 
1869-1883, scale 112,000,000 

This is a rough sketch map and is erroneous in many par- 
ticulars, but stili it indicates some of the broader geological 
featurcs of tbe island. The geological map of Cuba published 
as part of the Geological Map of North America compiled by 
Willvs and Stose, was based upoti the map of Fernandez de 
Castro and Salterain, somewhat revised by A. C. Spencer and 
myself; the same map with some alterations was republished 
by Pablo Ortcgu in 1918. 10 There is great need for a ncw 
geological map of Cuba and much information, in my possession 
and other Information obtainable froni geologists who have been 
engaged in commercial work there, is available for constructirig 
such a map, but the preparation of the map woitld be a task of 
oonsiderable magnitude. It is very desirable that there should 
be a well conducted geological survey of Cuba and it is hoped 
that provisions may be made for one in the near future. 

Island of Ha ii i. Recenti y a prc-liminary geological survey 
of the Republic of Haiti has becn made for the goverriment of 
that Republic under the direction of the United States Geological 
Survpy and the resnlts of the field work are now being prepared 
for publication. The authors of the report and maps are Wcn- 
dell P. Woodring, John S, Brown, and Wilbur S. Burbank. 
There will be a general geological map on a scale of ahout 
t ;400.000 and a few more detailed maps on a scale of J :aoo,ooo, 

‘MacDonald, Donald F„ Some enjfineering prohkms of tb: 
Panama Cana! in thdr r elati on to geology and topography : U. ?, 
Bur. Mines Btill, 86, pp. 88, 2Q pls., p figs., 1515. Piate 4 is a 
gcncrelutd gcolo^ic ntap of the Canal Zcrnc, in colora, scale j kms. 
to 13 mm„ about 1 :j85.ooo. Republished as piate 153 in an articlc 
by McDonald: The sedimentary formations of the Panama Canal 
Zone with spedal reference to the stratigraphic rdations of the fossil- 
jferotis beds : U. S. Nat, Mus, Bull. 103, pp. 525-545, pls, 153-154. 1919. 

'Com. Mspi Eepana Bol. vol, 8, p. G, i88r. The map was probably 
issued in 1883 or later for the dates "1865-83" are given on it, although 
it accompanies Com, Mapa Espana Bol. r vol. u, and the volumc ii 
dated 1881. 

“ Repub, Cuba, Direcdon de Montes y Minas, Habana. (918, 
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A reconnaissatice gcological report 11 on the Domi meati 
Repuhlic contains s. geological skctch map on a scale of about 
T 1695,000, This map, slthough admittedly Crude, when taken in 
connection with the text of the report, gives a fair idea of the 
bnoader geological features of the Republic. Included in the 
volume is a larger scale map entitled "‘Geolo^fic map of parts of 
the Provinces of Azua and Barahona/’ by D. D. Condit and 
C. P, Ross, scale 1: 300.000. 

7 amate a. Tiie last isswed gxologkal map of Jamaica is the 
me by Iiill, 1 * This map “is cotnpiled from map of Sawkim 
and Rrowrt with additiottal dati by Robeft T. Hili," SCile about 
5,5 miles to 1 inch, approximate ly r 1350,000. 

Porto Pico. Berkey 11 has recenti y twice published a geo 1 o£ 
ical reconnaissance map, This map has on it only the boimdary 
between the Tertiary deposite and the older gcological forma¬ 
ti ons. Other mips of Porto Rico are one of San Juati district 
by D, R. Semmes 1 * and one of the Coamo-Giiayama district 
by E, T. Hodges.” Roth of these maps, are on a scale of 
1 :62,500. Maps of other areas are annotmced by the New 
York Acadcmy of Sciences. 

Virgin Islatuls. The Virgin Islands, excepi St. Croix, have 
bcen gcologically mapped only iti a very rough way T Howcver, 
tine maps published by Cleve are vaktable. Piate 2 of the paper 
by Cleve 1 * referrer! to above comprises a bla-ck and white map of 
a part of the Virgin Is-lantfs frorn Savana Island at the west end 
of St. Thomas to Virgin Gorda, on a scale of about 1 nautical 

11 Viuifjlian, T. W., Coake, C. W., Condit, D. D., Ross» C. P.. 
Wn^ilrinii. W P., nnd Calkins, F. C., A fjeolojdcal recontiaissance of 
nho Doitiinican Rupti lilic: Dom, Repub. Gcol. Survcy memoirs, voL r. 23 
pls.. Wasliinjrton, 1921. f Tn press.) 

,= 11 ill. Ttobcrt T.. The Reology and physica! geography of Jamaica; 
fvtudy of ;t lype of Antillcan dcvclopmcnt; HarvaTd Coli. Mus. Comp. 
Z<x>\ Rull. vol. 34, 256 pp,. pls. 41, 1890, Piate s t Geologic map, 

18 fScrkcy. Charles T,, Gcnlofrical »reconnaissance of Porto Rico: 
New York Aciid Sci. Ann. vol. 25, pp, r-?o, 3 pls-, I9t5- Hatc a, 
gcolngitiil map+ scale ro ktn, to 17- S 711 m - 

Tkrkcy, Charles P. Ocotogical introduction; N\w Vorlt Acad. 
Sci. Snrvry Porto Rico and Virgin, Ids„ vol. i, pt. i, pp 11**9.1 map, 1919 

“Semines,. T). R., Geology of the San Juan district; New York 
Acad, Sci. Porto Rico and Virgin Tslands, vol, T, pt, <„ pp, 35 " MO ' 
4 pls,, 1 cotorcd map, i<jrg. 

“HodRcs, E. T., Geology of the Coanw-Gtiayama district: Ibid, 
vol l, pflrt 3 . PP » 11 -22?, ^lorcd gcolo^ical map, 1920, 

‘'Ctcix, P. T., On tiie j^eolnpy of tfie northeasiem West: Itidia 
Tplond^; KongI, Svcnska Vet.-Akad. liandi,, vol. 9 - ,2> PP- 

3 pls, (mnps), iS?!, 
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mile to 7,5 mtn., about 17 nautica! miles to 5 in. = 3.4 nautical 
miles to 1 inch, about 11147,000, and a geological map of 
St* Croix orr a scale of l :23Z,ooo. John Qtiin 1T has published a 
map of St. Croix on a scale of about io° of latitude to 6 inches, 
10 nautical miles, to 6 inches. In May and June, 1919, I harl an 
opportunity to rnake a geologieal reconnaissance of Vieques, 
Cufehra, St. Thomas, St* John, and St. Croix and havc published 
an abstra-ct of so-mc of the sci-entific resulta of my examinations 1 * 
but ha ve not yet had an opportunity to complete maps presentitigf 
the additional Information obtained on areal geology. 

LESStR ANTlLLgS EAST AND SOUTH OF A NEC AD-A PASSACE 

Tt is generally known that the main Caribbean arc of ial- 
ands splits north of Guadaloupe. The eastern part of Guada¬ 
loupe is composed mostly of sedimentary rocks, and north of it 
the islands of the outer fcrk of the island-arc are composed 
either of sediments or of volcanic and sedimen tary rocks. The 
tslands of the main Caribbeati arc and Its inner (ures-tem) 
prong north of Guadaloupe are ertirely composed of volcanic 
rocks or of volcanic rocks with patches of sedimetits, mostly 
limestone, overlying them.* The volcanic is lamis are £ 5 aba, St. 
Eustatius, St. Christophef* Nevis, Redonda, Montserrat, the 
western half of Guadaloupe, Dominica, Martinique (small areas 
of sedimentsT St. V’incent, the Grenadines, and Grenada. Spe- 
cial geologieal maps of most of these islands have iiot been 
made because of lack of diversity in lithology but the geological 
features are rathcr well known and there is a conside rabie litera- 
ture on them. There is more need for special map-s of the 
islatids composed of sediments or of sediments atid volcanic 
rocks, and there are either geological maps of most of them or 
data are available for such maps. The following arc notes on 
geological maps of the Lesser Antilles: 

One of the important works on the West Irtdian islands 
north of and including Guadaloupe is the paper hy Cleve 
already ctted. Piate 1 of Lt is a geologieal map of the north- 
eastem West Indies on a scale of 111,751,000. On Piate 2 ts a 

11 Quin, John, The bulldin^ of an iitand, being a steteh of the 
geological structure of the Eanisli West Indino Tslfind of St. Crotx. 
or Santa Crua: 106 pp. L ufirmmbcred pls., 1907. Published by the 
auth-nr in Cfirtstiansted, St- Crni*; prirted by Cfiaiincey Hnlt in Xew 
York. 

“ Vatighan, T, W„ 5tr.it i grapliy of the Virgin Islanris of the 
United States and -of Cukbra and VleqiMs Is-lnnds; Ot-ol. $oc. of 
Amer. Quii., vol. 31, pp. 216-217, IQ20. 
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geological rtiafj of St. Bartholomew on a m-uch large r >calc. 

whjch is. not given. ln the text on page 23 thcre is- a sketch 
geotogical map of the Dutch part of St„ Martin, scale not given. 

Angttilto. Clcve in his map mentioned above represetits all 
of Anguilla as Miocene limestone. but he menti oris in his lest 
that this formation is underlam by trappean roclc. For later 
notes on Anguilla see referencc given below, 10 

St. Martin. Molengraaff 10 has published a sketch map on a 
scale of 130,000. 

St. R usta Itus, Molengraaff has also published a geelogical 
map of iliis strtall islantl,* 1 scale 1 :56*700, 

Antiqua. The best geo logica I map of A11 tigna is stili that 
of Purves. Si which is on a scale of 2.5 English miles to 1 inch 
J, W. Speaicer 1 ® has- published a more generali zed map on a scale 
of 2 miles to 1 3/T6 of an inch; and R, J. L. Guppy” has pul>- 
lislied a sketch map of the is lauti ort a scale of 6 miles to 1 inch. 

Martiniquc. A11 article by Giraud*" is accoropatiied by a 
gcoiogica! tnap on a scale of 1 :8o,ooo. 

Bwbados. Geologists are tndebted to J. R. Harrison aiul 
A. J. Jiikes-Browne®* for probabfy the best geological map of 
any West Inrlian is lanci. Their geological map of Barbatius is 
cm a scale of l 1/3 incites to a mile or 1 inch to 3960 fee: 
Certain feattires of this map are rnnrc or less modificd tn tuo 

" Vatigliatt, T. W., U. S. Nat, Mus. Bull. 103, pp. ax), 262, tgiy. 

3,1 Molcngniaff. G. A, F„ liet geoloyisch verband tusctien de VVrrt- 
lmlisclic Kilandcn: i* Nat. en. Gcneeskund, Cong. Amsterdani. 1887. 
lUndd.. 10 pp„ 1 map. 

'* Molcn^TiinfT. G. A. E., Dc gcologic van het eilatid St. Ens tutius 
ItlnciorV tlicsisl: pp, li-lU. 3 pls„ and frontispiece, E. J. Brill, Lciflen. 

iWfi. 

” Furvos. j. C-. Esqiiisse pjeoloRique de l’ite dfAntiKca; Relgiquf 
Mitu Roy, Mitll., vol 3. pp, 273-318, pl. 14. 18^4. 

33 SfKiicer, J W., On the gcological and physica I developmeni of 
Antiqua: Geni. 5 oc. Lnndon Quart, Jour_, vol 57 . pp, 490 - 49 S. pl- 
15 imafO, igot. 

"Guppy* H. J. L., On th-e ficdogy of Antigua and ciber West 
Iridum fsLhdii u-itli refereuce to tbe physicat history of the Caribheui 
rejfitin: fifdl. Roc. Londibii QiiEitt, Joilf,, vOl, 5 ?. f*P- 68 l- 700 , piate 
Cfliflpl. igul. Geolofrien! sketch map of Antigua on p. 683. 

“Girand. Jo.itt. T^qitiice ^eolo^ique de la Martintque avee carte 

ueoln^i-quc; 60 pp., tiihle des itiatiere^, lc^tllde de U cS fte et des cfiu-pcs. 
1 |>, of sedions, eolnred ^nlo^ol map. 

1 Harrisnu. j. R. and Jiikes-Browne, A. J., 'The geolo^y of 
harhatloF;, heuiM an explanat inn of the RcdoeiCitl fflilp of Ibrliados 
prepared by the &ime aulhor»: 64 pp., Published by authority 

of the Ilarkdiiin Icpislature. 


Digitized- by Goo 


Original from 

HARVARD UNIVERSITY 



Geological, Mapping of tb£ Pacific 


705 


subsequetn pitbhcations.” Cunningham Craig has published a 
n umber of sketch maps of parts of Barbados to illustrate his 
investigations imo the possibility of the occurrence of petroleum 
there and they are of value in the study of the structure of the 
older rocks, but they do not add materially to che knowledge of 
the areal geology. 

SOME ISCANDS OFF THE SOUTH AMERICAN COAST 

Trinidad. Although Trinidad is more properly classifiable 
with South America than with the West Indies it will be men- 
tioned. There is only one gener ai geological map of the island 
known to ire, the one that aecompanied the report hy Walk 
and Sawkins, 18 on a scale of I inch to 4 miles, This map does 
credit to the authors but naturally tteeds revision after more thau 
60 vears. E. IT. Curiningham Craig has published a number of 
maps iti his reports on the oil-fields of Trinidad, 8 * but the data 
ott thetn can scarcely be transferred to the usual geological map 
as the information needed for age determinations is not given. 

Curo^ao, A rube, and Bona tre. These tslands. are ai» South 
American in their affinities, Martin 8 " has published geological 
maps of each of them as fdlows: Cura^ao, scale 1:150,000; 
Ambe, scale 1:100,000; Bonaire, scale 1:150,000. 

^Franks, G. F., and Harrison, J, B„ The Glohigerina-marls; aml 
basal reef-rodis: GeoJ. Soc. London Quart. Jour_, 70I 54 PP, 540-550, 
1898, See sketeb map on p, 542, scale 4 in. to t mi. 

Harrison, J, B.. The coral-rocks of Barbados: Ibid., vol. 65, pp. 
3 1 8-3J.7, pl. 25 (map and section), 1907. Map scale J in. to r mi. 

“Wall, G, P., arid Sawkins, J. G,, Report on the geology of 
Trinidad; 211 pp., 5 shcets of maps and sections, frontispiece, and 
58 text-figs., :86o. London: Printed for her Majesty’s stationery office: 
Published by iotigman, Green. Longman, and Roberts, 

” Reports of the Government Geologist, 1905-1907. 

“Martin, K., Geologische Studien «eber Nicderlaendisch West- 
tndien, auf Grund eigener Untersuchuitgsreisen: 238 pp,, 4 coi, maps, 
4 ols.. 41 woodcnts, E. J. Brill. Leiden, i 88 R 
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INFORME $01.1 RE M.VPAS GEOLOGICOS DE MEXICO 
Ry L. Salazah Salinas. Director dei Instituto Geologico. Mexico 

Los mapas geulogicos de ia Re publica Mexicana lian sido 

liedlOA Utilizamlo estiulios y levantamientOs geolcigicos de fUte- 

rctite naturaleza, tornando como basc planos topogrificos de gra¬ 
dos distintos de exactitud y delalle y se hau formado coti dirasVi 
fines. Estos mapas, por lo tanto, son muv variado*. abarcam 
ex tensiones—- superficiales tanibien muy variadas y son mas o 
meiros exactos, segun la. calida d de los planos, topograficos usa- 
dtis y segim los usos a que han destinado. 

Pueden dividirse, no obstante esta falta de tmiformidad. eu 
los citatro grupos signientCS: 

1. Mapas geologicos generales: 

2 . Mapas geo logi cos locales: 

3. Cortes gcologicos; 

4. Mapas especiales. 

Los planos pert-enecientes a los tren prime ros gnipos hau 
sido hechos por elementos. oficiales flnstituto Geologico, Conii* 
siones dei Gobierno, etc.) eu tanto que los dei ultimo gTtipo son 
debidns a diversas compailias y ucgociaciones 0 peritos particu¬ 
lares. 

La mayoria de los mapas geoiogicos generales abarcan 
urnas extensas y los datos que se han aprnvecliado en su dibujo. 
se han obtenido jjor reconocimientos generales, recorriendo iti¬ 
nerarios geologicos entre las pohlaciones principales de los Esta* 
flos que formati la Rcpublica, o etitre los puntas mas notables ile 
sti relievo topografico o signi endo vias ferreas, caminos nagio- 
nales o vednales, veredas, etc.; estus mapas aharcan extensionem 
superficiales de conto mos muy irregulares, pues no se ha adop¬ 
tatio el metodo seguido eti el Servido Geo logico de los Estadom 
Uiiidos dei Norte de limitar las zon&s recCmocidas par para Idos 
y cuartemario; las principales masas cie roca$ in trusi vas y toda> 
principio se Rigpieron itinerarias geologleos en los Estados de 
Durango, Sonora, Stnaloa, Zacatccas, Jalisco, Queretaro, Hi- 
dalgo. Ftiebla, Oaxaca y Guerrero y poste riormente se hati 
recorriclo otms itinerarios en los demas Estados y Territorio*, de 
la Eeileracloti. Los datas geologicos obteraidos coti este si stem a 
de itinerarios se ban utilizado para la formacion de la Carta 
Geologica General de la Rcpubtic a. en ta que han pocli do deli- 
nearse a grandes rasgos los limites de las formaciones pcrtetieci- 
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entes ai areaico. carbonico, triasico, jurasico, cretacico, terciario 
y cuarternario; las principales masas de rixas iutrusivas y todas 
las rocas igneas (generalmente terciarias) dei pais. De Ia Carta 
Geologpca General se han hecho cuatro edicioues: la primera en 
1891 y las tres siguiemes en 1907, 1908 y 1911 sucesivamente. 
El si sterna de itinerarios geologicos se lia tenido que adoptar 
para la formacion de estos mapas generales en vista de la gran 
extensiori territorial de la Republica, de los escasos elementos 
coti que se euenta en muchas de las porciones despobladas de 
su territorio y en vista tambien dei reducido personal con que 
desde un principio lia contado el Servicio Geologioo Mexicano* 
Teniendo en euenta estas circimstancias este sistema de itine¬ 
rarios geologicos, tetidra que seguirse todavia por algun tiempo 
para la formacion de e sta clase de mapas* 

Los mapas geologicos locales han abarcado, por lo general, 
zonas muy redneidas pero se hati hecho utilizando planos exac¬ 
tos y muy detallados, levantados por mienibros de la seccion de 
tO|X)f^rafia dei Instituto Geologico: estos mapas lian sido el 
resultado de estudios cuidadosos de geologus especialistas dei 
citado Instituto y se ha procurado comprender en ellos zonas 
alrededor de los centros industriales de importanda (mineros, 
petroleros, etc.1 o de gran interes paleontologico para el estudio 
de la estratitrrafta dei pais. \’o encuentran publicados en Ia 
serie de Roletines, Parergones, Anales, etc. dei Instituto Geologico. 

Los cortes geologicos han tenido por objeto fijar la estruc- 
tura general dei pais y establecer las relaciones mutuas deposi- 
cion de las principales formaciones gcolonicas de Mexico. Mu- 
dios de estos cortes han seguido las vias ferreas o los caminos 
nacionales y entre ellos es digno de meucionarse el corte geolo- 
gioo entre Acapulco y Yeracruz, hecho segun la linea que une a 
estos dos importantes ptiertos, et cual corte abarca una faja de 
un kildmetro a uno y otro ladr> de esta linea, y que csta auii 
inedito^ 

De los mapas especiales pueden decirse que han sido hechos 
para fines muy particulares por negociaciones mineras, compan- 
ias petroleras, o peritos diversos. De estos estudios se liari 
dado a conocer algmios jioeos mapas genlngicns que existen dis¬ 
persos en publicaciones dc indole muy diversa, permanedeudo 
Ia mayor parte en poder de las iiegociacioncs o companias para 
su uso particular. 

En la Carta de la Republica qtre acompaha a este Informe se 
indica con odor his extensiones almrcailas por los mapas geo Id- 
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gicos levantari os hasta Ia fccha y con diferentes colores se dis* 
tmguen. los objetos coii que han sido hechos o asuntos de que 
tratan; asj como los principales perfiles geo logi cos a los que 
lia hecho referencia. 

Se acompana a demas los siguientes mapas geologicos de la 
Repuhlica (erlicidn de 1911); 

Una carta topografica det relieve de b Republica Mexicarta, 
Plano que mues-tra las relacion.es. dei vulcanismo y Ia tec 
Ionica con dicho relieve. 

Una carta de las regiones auriferas, auro-argenttferas, 
cupriferas, plumhifeross y ferri feros de Mexico. 

A continuadan se incluye una Ii sta de b mavor pane de 
las publicationes ohe i ales en las que existen mapas geolbgicos 
de Mexico, 

nni.gr in ss instituto teorjocico ni; mexico 

3. Sappcr, Car los Mapa gcol£^ico de los Ea, idos Chiapis y 

Tiibasc-o, tsciila, i: 1.000,000. 

Sl|)|>rr, Car los. Busqiie jo de Una carta geo logica dc la Peninsula de 
Viicatan. csciila, 1 :i,000,000. 

4. 3. (?, Del Cnstilb ( 1S9?). ( Bctqtiejc Gcobgico de Mexito, > Con* 

jrcotdgico de pan Anctrcs por Tijera y Sianon a C<>p<i [quiri. 
E>l;nln fle D11 rango. 

Del Castilln. Corte uro logico de 0 nana ce vi a Ranctio Blanco, Estndo 
de nitrmgo. cscalas: horizonta). 1:400.000; vcrtical. 1 izo.fx». 

Dd Oistillo, Pcrfil de Mari zan illo a Zapoilan, e scalas: horizonta!, 
l;l,ooo,000; vcrtical, 1.23.000. 

Dd C astilln. 1 ‘erfil de Moctiisilan a San Bias, escales; hnriznratal, 
t. i.cmkj.uoo: verticat, 1:50.000. 

Del CasiilU>. iVrhl de AiitLm a Giiiidalajara, escales: Horiaontal, 1:500.000 
verlic:il, 1 ; 35.000, 

Mu 1101. l.mubitT, Corte gvologico (lc Agiabampo a Chiluiabua. con la 
proyeccioti ile los principales minerales dc la Sicrra Madre, 
escales; horizonta!, 1:400,000; vertical, 1:5-0,000. 

10, \S riius. r. t y Urbi na, R, (Mapa los temblorcs dc Quadala- 

jnra co ltj iz, cfcalii: 1 200,000. 

16. Vilhircllu, J. I). (rqoii. Regiones petroliferas de San Jose de 

I:ls Kuskis. Sabino y Tancawiequi, eseala, 1:100.000. 

Yilbrdlci, J. I)., Kcjiiuncs pet redi feras de Aquismoti. Ebano. 

'fiiiitoyucii. Tiixpiiii y Rui.[viml.i, escala, t; 100.000. 

Yilkircllr.i, J. 1)., Rcgiou pctmlifera dd 1 struo dc Tehuamepcc, 
c scala. I : 800,000. 

30. HiW. K. U<P 5 i. Carta ^eologica dc los Estndos dc C lupas y 

Tjibascn. c scala, i: 3 .&oo,ooo. 

Uiisi 1 , lv. Corte geologico ilei Istmo de Tehuaniepee. evcala: 

horizonta I. ];300,000: vertical, 1:100,000. 

25. Biise, E. fi-rjit}’). Caria geuDogique du Cerro (le Muleros. e scala, 

i: 1 o.oocj. 

38. Viltardln, J. D. (Tgn). Cruquis gtolftgico dcl borde incriditnia .1 
tle la Cuorcji tk? M ex ico. cscala. j; 100,000. 
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Ji. Urbina, F„ and Camacho, H, Crcquis de la region 

mcgaseisrnica dei Estado de M ex ico cnninovida d 19 de Novi- 
cmbre de 1913. 

j> Del Casi illo (1918). Pcrfil ric Mexico a Hl Paso dei None, 
escala: horizontal, 1:4,000,000; vertical. 1:50,000, 

Del CaMilio, Ferfil dd Camino de San Bias a Yeracruz, escala: 

horizonta.], 1 -4,000,000; vcrtical, 1:50,000. 

Del Casi illo, Perfil dei Camino de Toluca a Los Placcros, escala; 
horizonta.1, 1:1,000,000; vertical, 1:50.000. 

37. T. Flores, Plano genlogico de los distritos mine rus dc EI Oro y 
Thdpujahua, 

T. Flores, Croquis topogratico y geolojfieo de la tona mincra 
comprenciida entre los Minerales de El Chico y Zimapan, Es trado 
de Hidalgo, (En prensa.) 

FaRERGONCS INSTITUTO GEUt.OblCO Dt MEXtCO 

I, Bose. E.. Los tcmblorea de Znnatepec: «cala, 1:5,000,0011. Tomo I, 
Xo. i, 1903. 

Artgermann, E., G-eologia e hidro-logia de los alrededores de la Paz, 
B. C, : cscala, 1150,000, Tomo i, No, 2, 1904. 

Angerraann, E-, Apuntes sobrc el paleozoico en Sonora: e scala, 
1:1,000,000, Totn-o 1, No, 3, 1904. 

Villabello. J. D., Estudio de la hidrologla interna de los al rededures 
de Cadereyta M^idez, Est a de <lc Querefaro: escala, 1 :200,000, 
Tomo I, No. 6, 1904. 

Vitbbelln, J, D,, Estndio de la Hidroiogia subterranea de los ai re- 
dedores de jjucretaro: c scala, 1 :2co,ooo, Tomo 1, No. 8, 1905. 
Qrdonez, E-, Los Xalapazco* dei Estnclo de Fuclila : Plano geolngi- 
cus de la Sierra de Tec hacliako y de l<is AxalapaZCOS. CSCfll-a, 

1140,000, Tomo 1, Nos, 9 y 10, 1905 y 1906, 

II- Angertnatin. E,, Mapa gculogico de los a I reti ed ores rfe San Pedro 

dei Gallo, Partido de Naras, Durango, escaLi, 1 noacoo, Tomo 2, 

No. 1, 1907. 

Atigeruiann, E., Plano geddgico det M in emi tle Peitoles. escala, 
1 : 5 QjOOO, Tnmo 2, No, 1, 1907. 

Angermann, E,. Pcrfil de Cotiim a Paso de! Rkt, e'.cala: horizonta!, 
1:250,000: vertical. 1:2,500, Tomo 2, No. I, 1907, 

Villa fana. A., Plano geol6gi.cn de \s, region volcanica de Jorulto, 
escala, 1140,000, Tomo 2. No. 5, 1907. 

Bose, E., Villafana. A., Garcia, J.. y Garda, El Temblor dei 14 de 
Abril de 1907: escala, 1:1,000.000. Tomo 2, Nos. 4, 5 y 6. 190«. 
Villafatia, A., Fuentc termal cn Cuuneo de Aliasolo. Eitado de 
Guanajuato: C coquis gcuiogico. escala, 1125,000, Tomo 2. No. 
7- 100S 

Paredes, T.* Croquis- geologico de la rcgion de Ria Verrie, San Luis 
Fotosi y Arroyo Seco, Qro,, cscala, 1 uixi.cr», Tomo 2. No, 8,1909. 
Flores. T., Croqiris de los alrecleriores de T-etecnla, Es latio de More- 
los, escala, l :85,oeo, Tomo 2. Xo. g„ root> 

III. Villarello. J. D,, El Pozo de Pctrolee t!t* Dos Bocas. E&tiido dc 
VcrttfUz, Hcala, 7:1,000.000, Tomo 3. No. t, 1909. 

Burckharrit, C., «ind Vallrirellti, J, D,, Crocinis gcologicu de los jilclr-e- 
dedores dei Rto Nazas cntrc l;ts Tetillas y la prow tld Refugio, 
escala, T :8o,ooo, Tonto 3 , Xo. d. igoq, 

Pjrcdes, T.. Estndio hidrolog ico ilei Valic <\q I?cei: 1]Q1 jiIpeii 1 l Crcx|ni:s 
geolfigico y topogratico, cs^ila; !iorl^ontEi 1 h i \ 2 m,ono; vcmcnl, 
1 :ioo h ooo. Tomo j H No. 1909. 
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Villarello, J. D., Plano geologico dc Ia Coma rea Lagvmcr?. de TLv 
bualilo, escala, i :200,0Q0, Tomo 3, Xo. 4. ipio, 

Rurckhanlt, C< Plano geologico de Ia region de San Pedro Jd 
Gallo, c scala. r :25,ooa, Tomo 3, Xo. 6, 1910 

V. VillareNo, J. D., Croquis de Ia bidrcddgia subterranea tld Esttdo 
ile Oiahuila, c scala; 1 :l b cxjrj H ooo, Vol. 5* Xo. 5+ 1913 . 

PA tEONTOLDOtCt) 

Aguilcra, J. G.* Carie geologique dc [a Skrra errre Tehiiscati et San 
Juan Raja, Estado de Puebla* escala. 1 150,000, 

Ordonez, E-* Colip* geolpgiqur de Acanibaro a Uruapam. F. X. di- 
MexicOp cscnla : horizontai. 1 :1 ,ooo,oo r j; verticat, 1:250:». 

Villardlo, J. r>. T Flores, T., y Robles. R b , Carie Kenlngique du District 
minero de Guaiiajuato. escala. 1 25.000 

Ri>s<\ E., Carte geologique du Cerro de .Muleros. escala, i :so,qoo 

Rrisc* E., Carte genlogiqne des cnvirons de Parras. Cosihuik. cscala. 
1 :25.ooo. 

Rnrckhardt, C + Carte geotogiqnc des Siceras de Maza pii y Santa Rr>a. 
escah, 1 150,000, 

Rise, E.. Proli Ic geolugitpie de la Sierra Madre Oriental 1 e Jong d» 
Chemin de fer- “Mcxicano** entre Rio Metiae et Raca dei Mnme. 
escabi. i 150,000, G, d e. d. x. C G. F 

Ordonez, E.. Protil geologique de Tomellin a Oaxaca* escala; venical. 
11300,000; horuoritali 1 :35.000, 

Rise, E., Profils geologsqtie k long de Chemin de fer en!re Solcriad y 
los Mticrtos (Saltillo a Monterrey). escala. 1:50,000. 

E'ise H E . Protil geologiquc tratisversal de Fltbme de Tehimntcpec, e^ila: 
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Californin. (Sin cscei 1 ;l.) PftH;, California Aciid. Sci., jnd Series, 
Vol, V., 1895- 

Lindgrcn, W„ Notes on flie gedogy of Raja C&ltfortm, Mrxico. Pmo 
Catifornia Acad. Sci., znd Series, Vol. V,. i8g> 

Waita. P-. Girte geolugitiuc er Miniere des emi roris de Parr.il, escala, 
i : 50,000, Gcolog ico- mi n e ro_ 


CATALOG OF GEOLOGICAL MAPS OF SOlTH 

AMERICA 

Itv H. II. SrLLiv.vN, Urntetl States Geolopcal Survev 

This catalog of niaps. pre[)are<l at the reqtiest of T, Way- 
lanrl Vatlglian listeil for publicat ion by the American Geo¬ 
graphica! Societv, Xew York. 


Digitized sy LjOy < 2 IC 


Qriginal frcrr 

HAKVAKD UNIVtKSUY 



Digitize-d by 



Original frcm 

HARVARD UWiVERSITf 



CORRELATIONS OF POST-CRETACEOUS FOR¬ 
MATIONE IN THE PACIFIC REGION 


CORR ELATIO N OF THE LATER MESOZOIC AND 
CRNOZOIC FORMATlONS OF NEW ZEALAND 

By T* \Yavi,>ni> Vawhai* 

CONTEWrS 

I ntroduction 

(General geological featurcs 

Difhcultics in miking corrclatiun s. of thc yourgcr gcological formatian; 
of New ZeaJand 
Disconnected cu(crap 

Uncertainty rcgarding the stratis raphy in tlie different areas of 

dofcrop 

fnatkquate paJwntologic knowkdgc 

Incomplete knowledgc of tb? living faunas 

Absente uf a biologica lly characterizcd Standard for cumparismi 
X-lore retent classi:fi«iiiQiis of the Uter Mesvioic and, Tmiary formatkios 
of New Zcaland 
Ykws, of Park 

Views- of MnrshalL and his associat es 
Yiews of Allan Thomson 
Morgan'?, classilkai ion 

CottorVs coii irihntion s to thc classihcation of thc Xotocene 
Surnrnaty of the corrclatiun of thc Nutocciit of New Zealand 
Lowcr Crctaceous 
Middle Crctaceous 
Upper Cretaceo» s 
Age unde ter mincti 
Oarnaman 
Wanganuian 
Condusions 
Bibliography 

INTKODUCTION 

At the time this series of papers 011 the correlation of the 
Ister, especially the Tertiary, geologdcal formation in tlie 
Pacific region was plamned In Hotiotulu, Dr, J. Allan Thomson 
was asked to prepare one on New Zealand but illness pre- 
vented his compliance with the r^quest. It is obvious that it 
is necessary to have a st a (emetit oti New Zealand in order to 
make this discussion complete, becausc New Zcaland is both 
an area in which there are many fossils and one that exempli- 
fi?s the difficulties Qf making geological correi a tions with otber 
pans of the world in an isolated region of the Pacific* As no 
one else was available for the task 1 have with ninch trepidalion 

[7 U] 
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undertaken t<> vvritc h statemetit. which I trust will give f “ ,m r 
idea of the prohletns. with which the New Zealand geolosrM 
imist dea! and of wliat Ita^ been done toward the MnHition <:f 
ihcm. 

GKNKkAL GeOIwOGICaL FeATURKS 

General acooutus of the gcologv of New Zea latui ha ve re 
centlv been publislied in book form by Park (1910. 2 1 ). Mar- 
diali (191 u 1 . 1912, Z 1 ) t and F. R. C, Reed {igtfi 1 ). aml 

Cotton has pnblislled tvvu Useftll short artides AII the stibjeot 
(1913, 2, 1916. 4 |. I have found the !a«t cited aTticIe by Cottoti 
especially helpful. 

In the ge-ological history of New Zealarul there are tvvo 
tiell-marleeil pertods of major cliaslrophtsm and these acoonling- 
ly divide the rocks of the islands bito three major categories 

The first penori of rliastmpfiism occurred in late Juras-sic or 
very early Cretaceons time and is tcnned by Cotton ( 1916, 4 . 
p. 243I the “Mesozoic orogenic period"; the secemd jierioil 
occurred al the clos-e of the Tertiary deposition and is tenuet 
l>y Cotion (Idem, p, 248) the “fsaikotira orogenic period." 

The jjeologicat age* pf the rocks tliat are older than die 
Mesozoic orogemc period are 111 sonie doufat atul are the sub- 
jeet of divergent opinions* According; to Marshall (191/. 1 > 
tlicy may l>e divided itito the Manapouri sysiem. probably «f 
Archaeati age; the Aorere System, of Ordivician age; the 
Maton River System, supposed to be of Siluro-Devonian 
and rhe Maitai System, which probably includes rocks that 
range in age from Penno-Carboniferotis to Jnrassic, The 
^Saitai system according to Marsliadl includes rocks of Tria*' 
hira age. but he includes in it the Tc Anan and the Hokonm 
systems of Park. Park (1910, 2 ) correlates his Te Anan 
system with the Carboni ferent* and his H okoni.it System with 
Pcrmian to Juras sic. Mcntion is made of the.se discrepant 
chassificattons to indicate the itncertain state of kntm-ledge of 
sonic of the older format Sons of New Zealaud, The point <>f 
tmpnrtance in th is connectio» is the age of the youngest melo 
iiwolved in the Mcsozoic orogenic tnovements* It appears to 
be Jurassic (Park, 1910,. Z, pp. 75-81; Marshall, 1911, I, p, 391. 
The date of the de format i 011 vrould therefore he late Jurasse 
or carly CrelaceOitS. 

1 Sei' l)ililio^jr:i|iliv iit dic cml nf ilii? paper for fnll refertnces. 


Digitized by Googlc 


Grigiaal from 

HARVARD UNIVERSUM 



PoST-CttKTACKOt- S FoRM.VTIONS 


71 5 


Aflcr this period of dia strophium the rocks were suhjected 
to long continuet! erosion and tlie land surface was reduced 
either to or almost to a peneplain (Speight, 1915. 2 \ Cottoii, 
(«jifi. 4 ; it)i6, 5 : 1917. 6: Tiiornson, 1020, 15 . |>. 340!, This 
fjtriod of elevation was foliowed by oiie of depression in about 
middle Cretacco-us lime and the «ea. witJi some halts and oscil- 
lattons in the position of the strand graduallv overflowed 
most of, if not all of, the former lanci areas, and then witlv 
drew. It was cluring this period of imindation tliat the rocks 
particula rly consideret! in this paper were depositetl. Tliese 
rocks. have been derignated “covering strata” (Cotton, 1913, 2. 
p. 246; 1916, 4 , pp. 247 rt ssq.) or "marginal'’ (Thomson, 
1913, 4 . P* iG). These are the deposits tliat Tark (1910, 2 ) 
classi fied under his Anuiri, Karaniea, and Wanganui Systems; 
thal Marshall first (T911. 1 ) classafietl in the Oamaru and 
Wa.nga.nui systema, which he later 11919, 12 ) confbined into 
Ilis Oamaru systetn; and that Thomson classifietl under has 
Xdtocene. The time of the (lep&silion of thew rocks was cne 
of relative crustal stahility until near the end when a peculiar 
formation. the Great Marlborongh conglomerate, gave evi- 
dence of accumulat ing earth strains atiti at least tocal de- 
formatioti f Cotton. 19(4* 4 ). Further evidcnce of nnrest is 
indicated by a reported proba bl e nncc«ifqriitity between tlie 
nppermost Mt. Crown beds with 34 per cent of Recent species 
aml the Creta heris with 67 per cent of Recent species (Thom¬ 
son. 1920, 15 , p. 397 ). 

The depositiotl of this eatogory of rocks was teTUiinatcd 
by the Kaikcura orogeuv. Cotton says {1916, 4 , p. 314): 

Bricf rcftrcmre may here W madv t« th<> i/ffcct* Pk K:iikn^irsi 
niavtfments, thougli anything likc a complete aeomnt i>f tlw anicinre and 
surfacc farreis producet) camini liy atu-inpii-tl. In Marlliormiiriii tliv urent 
reverse faults, tirst notet I hy McKnr, and ilie Iuirc hltrii aml miiiprciwtl 
lilncks frenn whidi the Kaikonra muge* Imve k-rn carutl are nni« iti 1- 
pressive. Tlsnugh less intensi 1 tlie effectu in Xnrtli Cnilerliury are similar 
in kind. and n gcoloKicat map of the elistrkt wnvlcl prement tlie npitcaranec 
of a mosaic of “oldtf mass" ar»<l '‘cnvcrinjj strata 11 fnrinalinns as » resti Ii 
n£ tdoek fanltinjt. wiih t 3 u ; p-ro>tTv:i[inTi nf tlie Jatier on the hwt-r Ni^k» 

and their ratlfivat by rfnsimri frulll (lie llijflkr. 

The destruet ion o-f tlie "covermg strata" froin areas of 

hjgh stand and iheir preservation in tlmse in flepre^shnis is 

irell ilhistrated in the Midclle Clarence \ allry (Cuton. 1913, 2. 
p. 227: Thomson, 1019. 14 , p. 3001, vehere tlie covering strata 
have Ijeen entirely removed c\cepl at the fnnt of au up-tlinuvit 
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fault blocfc. The earth movements during the Kaikoura oro- 
genic period and subsequent erosion have profoundly affected 
ihe distribntion of the outcrops of the "oovering,” although 
in general Marshall, Speight, and Cotton (iqrr, p. 380) are 
correct in their statement that “In ali but a very few of the 
areas where the series is exposed the stratification is simple. 
In many cases the strata lie flat; but where they border on 
an older series of roeks they are generally indined and foltled 
in some simple matmer, though in sorne places it caitses them 
to lie vertically." 

Subsequent to the Kaikoura de format ion paris of New 
Zealand have heen suhjected to ttpUft, parts to depression. 
and other parts to oscillation (Cotton, 1916, 4 , p. 318). in 
places causing very young marine deposits to emerge froin the 
sea (Thomson, 1917, II). It is for this period of the history 
uf New Zealaml tliat Thomson prupused the term Notopki?- 
tocene (1916, 9 , p. 411). As this epoch is not the subject of 
discussion in the present paper no more remarks witl be made 
ttpon it. 

Difficultif.s in Marino Correlatjons of the Yocsger 
Geological Formations of New Zealand 

The obstacles :n the way of making geological correla- 
lions in New' Zealand are virtually the same as those en- 
oountered in java and so well summariaed by Martin in his 
paper. a translation of which is given in subsequent pages of 
this report. Marshall and Thomson have recognized and have 
expressed these difficulties and have iried to direct their re- 
searches so as to overcome them. I shall analyze the subject 
in my owtt w r ay, bnt I shall say nothing of which Marshall 
and Thomson are not eognizant. The difficulties may be listed 
as follows: disconnected outcrops; uneertamty regarding the 
stratigraphy in the different areas of oiucrop; inadeqnate 
paleontologic knowledge; incomplete knowledge of the livitig 
faunas: absence of a biologically characterized Standard for 
comparisoii. Each of these topies will be briefly discussed. 

DISCONNECTED OUTCROPS 

The map herewith reproduced, figure t, is taken from 
Marshall, Speight, and Cotton (1911) and Marshall (1916. Si¬ 
it shovvs the principal areas of outcrop of the Cretaceous afld 
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Tertiary rocks in New" ZcalatitL A glatice at tlii* map shows 
liow in Sonti i lsland there are tm iis east side discwrKCted 
ouicrops hetween Kaitangata and Clarence River, with au onl- 
ticT im Trelissick Basio. There are three areas indicated in 
Smithland; and there are otlicr disconivected areas on the wesi 
side of the Islatld. Th No-fth lsland tllere ate tivo flVaitt bclts. 
nue l>et\veen Cape Runaivay and Cape Palliser; the other hc- 
tween ^'anfjatitii and Whanganoa. Btil the relation* are nnt 
wi simple as ihe map in di cate s, Because of the lack of coii* 
tinnit)' i» gtitcrop. it is not practicable to trace the geologicaT 
formatimifi throughnut long distances. The diffieulty is in- 
ereased bv tlie dis simi laritv in the rocks in different areas. For 

r r 

example. die Middle Cretaceotis Clarentian rocks ha\'e not been 
found below the Upper Cretaceo its Firipanaa. Thomson 's con- 
tentioti for minor diastrophic pro vinces in New Zealaml durius 

ilic depositiou of the Notoccnc rocks is well foundtd f 191 fi, 9 ; 
m>20, 15 , pp. 398-400'). Ftirthermore it has beer» shown tbat 

sume rocks of similar litbnlogic facies are not of the same a^e. 
for instance. the Kaitangatan Amuri litnestonc and the middle 
Ha muria n Ototara limes tone (Thomson, 1920 , 15 . p, 399 \ 

l"M'ERT \ I MTV RIT.-XfcntKC TUK STKVllC.HA |»H V t\* TII E OIFri-llEST 

AfcfiAS OF OL T T CROF 

Oii fullmvmg pages conside rabie attention is given to the 
discrepant views rej^ardiiig the stratij^raphic relations of dic 
successive beds in areas in whicii the beds are exposed. There 
lias ht-en cmitroversy iti New Zealand over the prcscnce or 
absenee of 111 icon formides or discon formides in the different 
secticms fur yrars. and, although. a great deal of ficld ivork 
lias bcvu dono »>n tlie problein asfreement lias not yet liceii 
atlained among the different st udent s of it 

TX.VWKQrATE 1 ALHONTOLftOlC.M. KXOWLEOIGE 

ALtlkuigh the tities of $2 pajiers in the bibliograpliv at 
the end of iliis paper are- rnarked with an asterisk {*} to 
indicate tlieir palcontoLngiral nature, and 110 references are 
given to tlie earlier work of Cray, Manteli, Forbes. Huxky. 
Rupert Jonesi. XitteL Karrer. Stnlicka, Stadie, Jaeger, Hector. 
Ilutton. R. T. Xowtott. H. Woodtvard. Tate, Tenison-Wood. 
Vitie, Kirk, von F.ttiiighauscii. Maters, Davis, Lydekker, Hi «de 
and flolmcs* Rcnhatit. Itochm. Hamilton, Lemoine and H. 
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Dotrville, aml Piather, and to ea rlier papers by authors wliose 
names appear in the bibliograpby. it is stili true that critical 
knowledge of the paleontology of iiiost New Zealand geological 
formatkms is inadetjuate, Tliis is recognized by botb Marshall 
and Thomson, and both of them have latmred assiduously to 
remetly the deficiencies in Information. It is only recently 
that attempts have been made inainly by Marshall. Thomson, 
and S liter to ascertain wliat fossili occitr in each becl within 
each distincti ve area. Althongh there has been most gratifytng 
progress tritich remains to he done, and New Zealand mala- 
cology and paleontology has snstained in the death of Mr, 
Suter a heavy loss that inav for sonie time aflfect the progress 
of paleontology there, 

* It is true in New Zealand, as in other parts of the world. 
that fome fomiations that occupy critical positions in the sec- 
tions have not yielded determinable fossils. The Amari lime- 
stone is such a formation, Thomson has fotttid in its npper 
part, within to feet of its top. an Oamartiiar mnlluscan faima. 
of which 19 per cent are Recent (1916* 8. p. 51 ). but it is 
stili nnknown what mav be the age of the hase of the forma¬ 
tion. the maximum thickness of which is estimated to he 2750 
feet (Thomson, iqtG, 8 , p. 53 -^ 

ix complete kxowletktE of tue uvist, k.vuxas 

Suter has rendered Science a great Service in the publica - 
tion of his Mamial of New Zealand Mollusca (Suter. iqi.V 2). 
but this work is mustly devutcil to the shoal water fauna. 
Some <me injght do a tiseful piece of work hv tabulating, ac- 
cording to depth and nature of the bottom tlie species con- 
sitlered in this volume. The deeper water mollusca also need 
study. And, for geologieal purposes, all organi sms that nright 
l>e preserved as fossils are worthy of detailed in vestigat ion. vb,. 
foramini fera, corals. echitioids. hryozoa. brachiopods, crusta- 
ceans. and pelagie mammals. 

AhSE.VCE OF A HlOLOfilCALLY CHAKACTKRtZRli STAN'l>ARJl FoR 

COMFARtSON 

The isolation of the Pacific Ocean from the Atlantic is 
specially discussed by Professor Martin in his article 011 Java, 
which fornis one of this series of artides. and by me in my 
article on the basis of post-Cretaceo lis correlation in tlie Pacific 
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refiion. The cotiection bctween the Pacific and Atlantic by 
way of Tethys appears to ha ve twen clowd befo-re latest Eocene 
dme and perhaps except transitory cotritrumication there has 
heen 110 connection bctween the two oceans since older Miocene 
tuli e across Central America, MarshalTs insis-tenec on the 
isolati*™ of th^ New ZealaixI fatina appears to me to bc fully 
voarraiitert, and I bclieve the following stabement by him i* 
correct (1918, 12, p. 277) : 

No one Tertiary horizon >vlnch h;is had iis Mollusca properfy col¬ 
lecte A and de.se rihcd shows any no^ble introduci ion of species or generi 
which are absent from lower horizon 5-. Swch facis gn far |t> sispport the 
idea of a contimious isolation of New Zcatand ihroiiKh-out Tertinry lirae* 
” a c natent ion that has been prtviously urged by ihc a ut lior on purd> 
stratigraphicai grauntls. This position has lalely been supportet! by 
Thomson and Morgan, though stated in a different nianner: "ILicU Ter¬ 
ti ary f;mrm sttmtt to merge gradimlly into the succeedtTig one 4 ISmer, 
igi7. .4, p. V; Thomson. 1919, 13I Mr. Sntcr also has written to me as 
follows: +t There is no doubt that our moHusc&n fauna lias greaUy tk- 
creased, and also that the Tcrtiary forms gradually merge into onc an- 
oiticr n 

The oilly two Hattim planes at tlie present time for cor- 
relati ng the New Zealand Tertiary horizons with horizon s of 
other regions. are tbe L pper Cretaceous Piripauan below and 
the Reccnt above. Wtween thesc two planes correlation must 
hc by interpolat ion, and at present thia must be ilone. as both 
MarsIiaM and Thomson ha ve dene. by the pereeniage of Recetit 

fornis, 

Nfarsliall discussos the difficuldcs and uncer taintie* ili 
estiiiiatitig the percentage of Recent species (1918, LZ, p, ' 
iti the Englidi erjuivalents of the words Proferor Martin ujetl 
in discussi ng the correlaiion of the Javan Terti ary formatkm 
in th is voluit te. and -on p, 276 (1918, 12) he says; 

Tlie is<)kilk>i> uf Xew Zcflkiml and the relatively rare .irrival ef 
bpecie? > r« mi New ??enlan(l arca mal«r it probaMt that ^pefi^s 

ctxihl sii rv i ve for ;t mnch Icm^r time here thau r?n eoa st-lines wherf 
tbvrc vvas tiif»rc comprtilioii frotn ticwljr arrived specics. h is protable 
tliat 4 fauiiii iti New Zeahnid «iriih 20 per cent of Recent species wwld 

luivc a muci 1 grcaier anti(|iiity than a fnuna with a similar percentaye 0 ! 

Recent species in Europe or America, 

Marshall also says in this paper (1918, 12, p r 277)1 

It is 10 Iit ln>|K‘(! that a complete comparisan may be pfissililc ere 

Icjhr betw-een our Tcrtiary faunas and tbose of Australia, South America^ 
and Nonlt Anu-rica. Iti the mcantime one can only emphasize tlie wcll- 
knmvn fact litat oiir Tvrtiiry huna dosely r resemhles that of Sni)ih 
America, wlicre the- species of Tnrritclla, Mallctia, Struthiolaria, Epi- 
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toiiiuin. 1*4)1 iiiiccs iire uvidcmly ixlreiiifly clusely rchitvd io <wrs. 

Again, the occnrrcnce of the genera Feris solax and Hctcrotenm in the 
Wangaloa herfs shows a ralli er unexpectcd rchliouship het wvvii our 
earliest Tertinry lietis and tlinsc ol the Tejcn and Martinez districts in 
Cali forma. 

More Rkcknt Classtfications fii' tiii: Later Mksozoic and 
Teryiarv Formations or New Zkalanii 

In this section the views of Park, Marshall, Thomson, and 
Morgan will be particula rly disctissed and metttion will b made 
of some of Cottott s work, 

views oF PARK 

Park s f i<yio H 2 , p. 25} classi fieation and correlations are 
as folio ws: 


Systems 


Recviu 


Series 


\ River alhivhiiii. drfting sanfl 
1 Beacli sand and grnvel 


1 

t 


l 3 ml>ahlf siljc 


Rixent 


PleMncuic 


Riiiserl he;ichf^ 

Older gravet drifis 
•< jVcwcr morsi i nes 
Older moraincbi 

LBotilder-clay and esker tlrift : 




Uncoii fortnity 


Plciatocenc 


Wmigamii 

System 


Kar:miea 
Sj stem 


Ii (a) Pctanc senes 
jlM Wailotara series 
((e) Awatere serie,s 

Uuerm formhy 

1 (ii) Oaniam series 
} (h) Waimang:irm series 


Xewcr PliocelK' 
| Oldrr Plioeene 


Miocvnc 

Eocene 


A muri 

System 


Unconforniily 
Waipara series 
Unconformity 


C rctaceons 


a 


He divides tlie Waipara series (op. cit,. p. 84) as follovvs; 

(a) Weka Pass stone and grey maris 

fb) Amuri limestone 

fc) Waipara greensands 

(d) Sanrian beds 

(e) Puke-iwi-tahi conglomerate* and sandstones with coal 
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The YVainvuijjaroa serie* is rlividcd iiito 
\Ai rinmner coal horizon 
fI) i Top-arna coal horizon 
The* Oamarn series ts divirferf into 
( a i Ototara strme 
(hl Pareo ra beds 
(e) Mflrawliemia grcctuiands 
(’<11 Waihao beds 
(e> Kaikorai cm\ measures 

Park States (1910, 2. p, i th 1 tliat at Slrng Harbor there 
is a wdl inarked st rati graphica! itnconformitv beta.ee n the 
Oamarii fonnatioti and the Cretacecuis. tliat at Weka Pass the 
munii formitv canunt hc di stinguisheth and that it caunot be 
recognizsnl in the vieinity of Auckland at several places where 
the Waitemata bocls (wllich are correlated with the Oaniaru 1 
overlic tlie hydraulic limestone (which is correi ated with tlic 
Amuri limestoneh He also (op. cit,, p. 119) says that Hutton 
omtcmkd tliat therc w?is an inicnnfortnitv betwe«n the Amuri 
limestones and the Weka Pass stone. a rel.atiotis.hip that A. 
\TcKay denied. 

The iliree members of the Wangamii system are not di* 
viricil. An uncem formity at the contact of the Awatcre and 
Oamam in the Waipara district mentionecl (op. cit H p. i>8i. 

Park iti a recent paper (iqiR* 8) virtuaLly follows Thoin- 
siiii. whose work is revi-ewed on subsequent pages. 

VtF.WS OF MARStr.\|,L AWU HIS ASSOCIATE? 

Marsliall, Speight, and Cotton (tgn> denied the exist¬ 
ima* of as iv uti con formity between the Karamea and Watiganui 
systems of Park and contemle-d {1911, p. 380) that 

In ali exposui res tberc is. bowcver, a wdl-markcd lithological serie}, 
50 far as tlir observntions of the prnent authors liare gonc, an-d this 
series will he staied in soinc (lctail when trciiting of the different arm*. 
Su similar is the successi011 in the various localities that it is possiblc 
without nny Rrca.t error to state a gcucratizcd rock-successi-on Lhat will 
apply with considerablc cxactoics.» to the many occurrentes. Thts is a} 
foltows: | In dcsccndinx order] 

7. Looh sand with shdls. 

6. Monnt Brown heris; siinjs oftcn calcareaus 
5. Crey maris 
4. Greensands* 

Limcstoi k' 

2. Grcensand 

r. SiimJs h conglomeraic with coal. 
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Marsliall pro|x)sed for tJiis series of rocks (iqm, 1, p, 
622). the name Oamaru mystem and stated fiQii. I, p. 29). 
*Tt appears however that there is no uiteonformity between ttii^ 
mystem [tlie Wangamu] and the Oamaru system/* 

Marsliall Speight* and Cotton fign, [>p. 399-400) also 

<av: 

A citre f ni considerat ion of tlie stratilicirion of these younger rneks* 
a hricf summa ry of which has l>ecn given hi ihe prccediiig pr.ge*. has 
impre**ed the writeis with the belief that tlicre is a sin ple strati^nphical 
sertos of younger roeks in Xew Zealand, and that Jiis seriei is of very 
K^ncriil fkvclopmrnt and has a retiis rkahlr »{nuL-ir litholojcicul successiori 
in aII the Jocalities. There are. however. sonie problcms of conside rabie 
difficutty that require solutioni if this sunement bc adopted. Bricfiy statod, 
the main probi em is of this nature. At the Waipara Gorge r Anuiri BUifT. 
and the Malvcm Hilis, fossils that have deridedly Cretaccoiis affini ties 
are found in the lo-west rocks, The Ttmst important of these are Rclcnt- 
niU a S mtsfralis Phillips, Conchothyra parurilitn McCoy, Trigtiuut r&slata 
Hector, Trigoniti jubato Hector, Inocfruuiuj: hausti Hochstctter, as well 
ns a condderable munber of species of py:bonnmorphs and sanrnptery- 
gians, In the niiddie beds (Mt. Rrown) tlie Mollusca have a dcfiiiitely 
Cainoznic appearance, and 20 per cent bcbng to Rccent species. In the 
bighcst heds, fo pe: cent (Hulton) or per cent fPaik) bcLong to 

Recent species. Thmigh it is not here hiended to lay great emphasis 
on the percentage of Recent spreies. thesc figures are quotcd to sh«w the 
great uabiontological differende between the lowest and tlie highest 
heds. So great is this difference that it is natura) to Innk for 
hreaks in tlie strattiiraphical senuence. aud the remptation is naturally 
great to lay emphasis on atiy slight loral irreguhrity in the stratigraphy 
and to magnify it intn an imcoitforimty. A consideratiori of this differ- 
ence pcrbnps caiiscs one to demand from an observer who hokls to the 
idea of a conformable sequente a special explanat inn of the rapid faunal 
change. since the wliole series as developcd in Xortli Canterbury is not 
mure [lian ^,OoO feeL lliick. 

* * * * W. 

We helievo that this explana^on is to be fotind in these t firce eon- 
sidcrations : fi) A possible i solat ion of Xew Zeakmd duritig the late 
Mesuxoic: (2) a pussihle Lingering of archaic types: ( 3 ) the very slow 
rate sit vrhich ihc deposits accumtilated. 

The last two paragraphs tn this paper (p. 407^ are as 

foltows: 

4. Correlation has been confused because the overlappiug t^tnre of 
ihc tipprr members of the seriei bsis not lieeii ftilly rccognizedi. Tlicre is 
reason for stipposing that it is correct to correlate ali the conspicuous 
limestones of this yvuoger series rts contemporali emis, 

5. 5o far as correlation wi:h tbe Kuropean geolo^Lcal system is 
concerned, the limefiEone appears to he of early Qligocene age. Tlie low¬ 
est betis of the series are perliaps Crctaceous, and the tipper perhaps of 
Plioccne age, 

This paper led to a coiitroversy which brotight forth papers 
by Park (1911, 3 ; 1912, 5 : 1917. 6h Morgan (1914. i; 1915, 2; 
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lrjiA, 3 ; ic>iA, 4 "u and M a r diali ■( ifji 2 t 3 ; 1916, 5 : 6 ; 

tony, 13 L and additinnal observat ion s hy otlicrs. Morg^ 
>aid ( rytf». 3 . p, 283 regarditig the pronai of Mnrdidl. 
Spn$jlit f Cottou, "Thoiigh of a boltl simplicity, this concepti 011 
lia»; not heen friiitful in any remeet «ve the pronntimi ut 
discussiou and a temperary vliickeniiifj of the cloud of oanfnsion 
itivnlviitg a« ac Iniit tedlv clifticult probl-em.** Tct this Mardrall 
feplied I lfjlfy. 13 , {>, 2^9 )• “It is only necessary Lo add litat it Itt' 
stiimiln-tvcl rescaiclt i 11 such a way tlicat it es now definite h to'*" 11 
tliat the pktnes (liat were previoiTjcly thongiit to Ijc hrcaks lietiM-sn 
different j^enlogical fo rutatioris are anerelv stratigraphicnl piant' 
in a stries of continuem* deposition.' 1 The discii**ion>. atlils- 
tinnal fidd observat i ons, and furtHer collection and. critical 'tn<ly 
of foliis lia ve produced rcsults of mucli valnc to knrnvlctl^e 1,1 

Xcv> Zcakuid getdngy. 

I11 ;l later papor ( 5 ) Marshall umltrhmk an aoiou" 1 

of the viumger linies tones of New Zealand, Tltree kiiuls "t 
linirstone are rceognized, vi*., polyzoal. foramiuiferal, and frV 
biyt'r jh<i Ooste. Il is stated (|>. 9fi) tliat “The sediment tliat d' 1 *' 
otxnr in Ilie limtstones is either cxtremely fine quarti >and ** 
slltall fragmen ts of vn Ira ni e rock producet! hy volcanie enUrtun^ 
<>f a snbmarine iialure, Tli^rc is thus strong eviclencc tliat at l ' 1e 
liiiR 1 nr timos at vvliich t lies e linies tones were formed tlie h' 1( ! 
was rednced to comparat i vel y small di mensions.“ The conchi- 
sion is rcaclied that ali tlie younger limestcmes of Xcu /iealaH 
are ni tlu* sanie jgctdngical age and mark a certa 111 st age 111 tlie 
gctdogiccil historv of the islamR The two paragraphs nrw l " 
the liist in tliis paper fp, c>c>| are as followst 

T llfit dic yfimlycr lifllcsldli’» of \cw r Zcahml are ;J1 cif (bf Sil* 1 *' 
i\U*j-n ;m«I repru^ent sipproAinULt^ly t Iit- snme horizon. luis ^ire:n]v brt h ^ 

hy M;Lrs]i;Lll r Cotlcm (1911). It wns. however, |!i 

tliat \vA\ivr t Ii: Lr tlu- jj roliii IpIc ttgv of the limcMoii? w;is ^ !h 

opidirn) iK-iltii iiixi-ii the i'L F kssiticati(ni of vsirinus j^roups nt ^ r ^ nri " 

isns^ 1 luti luicl \*ren yulTiCU-H fr-om iiniv^Uuic xtul sulmiittt ?I tu t.'^ h 
frar <lc<rri|itinu, The MWcne a^ct\ hovvcvcr + is siipportctl mn cmlj fty 
mnllii^cun Glait lisivt' tK-k-n fcniiul in ike linicsmnc it sci f :H Ot inf¬ 

imi io eho iu[»]lnscan f.mn:i hi, j ]n\v ilu- liui^^tiTnc .nt Fiilii nml in iUv T r * 
lissick hnhiitt n ;nul in a s imi lar faim.T iti ilic beds resti-ng 011 ilu h ]irnt>i- ,inr 
i 11 iiumy kvalitios. The inrrcxnta^e nf Recenl species in ;|11 <i1 llies< 

i*> rrMhvr Minrv 1 (i :mt nvi-my N ,\ fen tli;n ihat ^ |L 

rcally llu 1 npptT lias beui d ii is prnUnttlc dtrst ^ 

ttindi inj|Kiri;inci- lias hexn atuicliecl tu ibis percontant. 

Tlu 1 vrry ^ciu-ral wcurrcnw of A tiiphistfRhui supportlu- irfca 
tlio liTiHsiinu^ art 1 i>i TTii^ geniis ho^v^cr. ^ 

thoii^l» it is (,-vminvly dliifiieich stiic of the Afuwili. Thd’ 
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Chapmnn 7 says* H ‘Tho inequiliiteral . ImphUttffiitni took tlie pinee of the 
equikiteral Xu m mu lites ctmarrl tbe cml nf the Oli^oceite. and w:is the 
prcdomimint forni in many foramini fcral deposits of Miocene age/" 

For purposes of comparison it may be interestmg to note 
here that in Central America and the West ludies Amphistfgina 
is common in the uppemiost Oligocene (consideretl basal Mio- 
cene. Aquitaniam hy tnany paleontologists) and tlie Miocene; in 
Florida in the Miocene ami riiocene; and in the Gtilf and 
Caribbean region it is one of the common Recent genera. 

Allati Thomson (1917, 9 . p. 403 ) challenged tlie optnimi that 
ait the New Zealand times tones represent only one horizon, stat- 
ing that 

In tlie distriits wiiliin whicli ihcy are lypically devcloped the Amuri 
and Ototora limestones caeli represeiits the permd of iiiaxmmm depres- 
sinn er sra advimce, These period* are. I cnntcnd tiot the sanie, owiiij? 
to tlie inasking of ;.ny generat rcgiimal sea advance or advnnces that may 
have occiirred by the provincia! warpings »f distinet diastrophic districts. 

The fiisttiitt of (ithr-r tlistritls of tliis nature is proved, as pointed 
oat above. by a consideratiori of the periods ac wliich ikpositiou com- 
ttienced and ceased. In further support of nry thesis l imw propose to 
jjivc pakentological ev i der ce wlitcli supports a difference in age lielween 
th« Otolara and Takaka limcstani^. 

According to Thomson the Ototara limestone is younger 
than tlie Amuri limestone, and there secius to be no escapc from 
tliis conclusion, and he navs "the Takaka Hine^tone must bc 
regarded as younger tlian the Ototaran," 

The age of the liraestones is further discussed by Thomson 
in his most recent paper (1920, 15). 

The thesis that there is gradual transiliori from C re taceo us 
to Tertiarv in New Zealand is further elaborated by Marshali in 
his paper, “‘Rclations between Cretaceons and Tcrtiary rocks" 
( iyi6, 6), and he makes compari sons with the "Relations 
lietween Cretaceons and Tertiarv rocks 111 other countries," 
These comparisorts do not strengthen his argrunent for New 
Zealand. because between the Eoccne Tcjon and tlie Cretaceons 
Ctiico of California there are at least two intervenirer geological 
formatiotts with an unconformity at tlie top and lx>ttc>m of each2 
MarshaH‘s mention of the Gnlf of Mexieo is also unfortunate 
wlien hc refers to a paper 011 Xortli and South Dakota. 4 Tlie 

? ChapmaiT ¥ F.. Mus. p MeLlkcmme. \Tem_ Vn. S r p. 23. tqt j. 

* Six accompHinyins p-ipcr by ])r r Hrticc L- Clark. 

* Uoycl, K. Rtissclk and Hare* + C. JL, The GinnoiihaLI marine metn- 
W nf the Lance forma*ion of Nonii and South Itaknta a ul its hcarhiK 
imi thv Linee-Larum i c pnihkm : J mr. Oeni., vnl, H *j, pp. 5AV547- l te\t 
hiif. (mapK 19Cv. 
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distance iti a strai^ht Une from lll-e Southern edtfe <>f the area 
treated in this paper to tlie Gnlf of Mtrxico is abont I2p mile'- 
or just ahoi.it the rhstance from Wellingtoii to Sydney* A< d' f 
Cannonhall member of ihe Lance formation i? of much intew^ 
to geologists in ^etieral. reference* to recent Ii terat ure are 
below. 1, The rehuions between the Cretaceons and Tertiari 
deposits in Civile arui Patatjunia are under disptite and du rwt 
servt 1 as a good basis for any arjpiment. However. snch o»n'’ 
parisous are interesting. 

In a later paper f kjh). 13 . pp. 241), 2501 Marshall prop 11 ^' 
the following; elassifieatinii of his Oamani system: 


HA.MAHU SYSTEM 


ProluiMe Eunppeiin c{]ui valent, 

SUtIC* 


S>cn.oaimi \o Pliocene 

Per certi of Rcaii 4'^ * 


Castlecliflf .... 
XiikimKim - 
Wnapi pi 
Target ■fjtally 
Otcdan 
Wiuirek*iri . 
VVaiiic-ilT^ .. 
Waipitrsi 


Po IO 
70 i <yfb 

141 70 

jotes 40 
25 Ui JO 
JO tn ^5 
Olfi 20 
Petitu i ;tn 


Marsdiall dropped his Waiigamii mystem ficji r. i. pp. fi. £■' 
and p luceri the dcposiis Ile orij^imlly mclnrieri under it iu hi' 
Oatnani systetn, whicli as now detineri includes aM deposit? I* 
"itinin^ vntli Cret acernis up to the uneonformity above lits Ca*>dc r 
clift series. 


VLKWS or ALLAN THflMSllN’ 


A Ha 11 Tlionison ( lyift. 7 t proposed to forni the basis oi a 
elassiJieai ion hy the selection of certain localities as tlie ty]Ks it 
serivs and by the recoifnitkm of stapes the natnes of rvl ridi "tre 
derived from localities at wLiich there are good fossili ieroflj 
exjxtstires. The method adopter I by Thomson h very simiiar to 
that nf the jjeologists in the Ulliter| State? in the^T applicat*" 1 
of i^roiip and format ion naines. Thomson savs: 

; Simitun. T. W.. iiiuJ VriLijtlian. T. W, T The fauna of itie (.'annua' 
kill murine mcniticr of the Lance formation: L T . S- Cieol. Survey. Proi. 
Paper 138. jip. t-(i6> pls, 1-10, test %s. i-j., SchllduTt, Charles. 

Rcvicw of “The fauna of tlie Camiotiholl marine member of 1 lic Uint' 
formatimU; Sci„ X. S-, 53 - PP> 45 4 ?■ 1^1 i CroS 5 , Whitman. i«l 

Knowltoii, F. H.. Arf tlie and Fort of Mc^v ,lu 

time ?j Ihid . veri 5^ pp. 304-3^ 19?^; Mitlliew. \\\ D., The CannOfi» 11 

Lance fnrniJithsn: Ibid M voL 54, pp, 2^-29, igai. 
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There are two objects to be aimed At in framing a dassitication of 
the younger rocks of New Zealand T and it is important to distitiguish 
them. The first h to set up a Standard of refcrence bv wliich rocks from 
different parts of the country may bc corrdated with onc auother; the 
sccund is to correbite the varians divisum* of the dassificatioil thus 
establishcd wifth iheir equivdents iu the das si ficati ons of otber parts of 
the w&rld and particular]y in the accep^ed time-scale based on the rock* 
of Europe, 

***** 

It i& undes ira ble. therefore, to spealc of Eocene or Miocene rocks of 
N T cw Zeaiand if what is me?.nt is really rocks of the age of the Ototara 
limestorte. the age of whicti has nut been firmly established. t * * * 

* * * What wc shmilrf aim at in New Zeaiand, then, is a similar 
series of st age names corresponding to ali the divisioris of geological 
tiine represented in our rodes. 

Thomson applies the prmciple of priority wherever prac- 
ticable in making his choice of names, anci he drops from con- 
sideration the question of uncon fomiti es concerning wliich there 
was so mnch controversy. 

The succession of heds at Oamaru. enllectively callcd the 
Oamaruian series, is given as folSows: 


Top H Awamoa beds 

Hutditnson Quarry beds and con- 
crelionary band 
Ototara limeatone 
Wai.irekn Utffs and Enfield-Wintl- 
sor greensands “ Ngapara green- 
sanda 

C oab meas u res„ sands, congloine r - 
atts 1 and coal seams 


Awamoan j 

!' Upper Oamaruian 
Hutchinsonian 1 

Otataran. Middle Oamaruian 

Wuiarekan J 

- L»wcr OmuHrmnn 

Ngaparun 1 


The Wanganuian series, named from the excellent expostires 
in the Wangamii district. is subdivkteil into the Casttecliffian and 
Waitotaran, with the statement that another stage may bc found 
between the two. 

The scction on the west coast of the South Istand is taken 


from Morgan, a.s follows: 
Pliocene beds. 


Greymouth series, Mioccii e . 


i Soft samlstonc* ligmti\ and some 
) what Consolidated grave!s 

ttttie bottom formation 
Cobden limestone 
^ Fort Elizaheth heds 

Lowcr Kotuku conglomerate 
, Omutumotti heds 


f Kainta mmlstone 

Coal-measti res (Mawhenmui serio, J 1 Isbnd sand&lone 
Eoccue, i Brutinerbeds 

( Paparoa beds 
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The only stage nanic taken frotu t his district is Papamaii, 
Thompson summarizes his proposed classification but is it U 
repeated in the pai^er next to be reviewed, it is "iven on a 
later pas^c. 

Iti a later paper (1917, 9 i Thomson proposes the mnie 
“Xotocene" for the ‘‘youtiger rock series" or Vovering strata" 
of Xevv Zealarui, in otber words "ali the lieds lyiug wttli inarkd 
uticonformity ahnve the 1 lokomii or sn-callert Mnitat series, 
mchtding- the Midrtle Cretaceotis of the Clarencc \"allev anrl the 
Castlecliflfian of Wanganui, and ali the intermediate befls, but 
excludes the raised heaches and other snrficial deposits which 
lie unconformahly 011 the Castlecliffian," 

For beds helow the Oamaniian three stage natnes are pro- 
1H>sed as follows: Clarctttian for the Cretaceous ilefwsits beltm 
the flint heds of northeast Marlboroujjh in the MkUUc Clarente 
Valley: Piri pancti (derivet! from the Maori name for Amnri 
niuff) for the Cretaccous heds lielow Ilie Teredo lime sume at 
Amuri Illuff: and Kaitaiigctott 'Avhich includes the KaiUngab 
tipper and lmver coal-measti res as describet! by Park 119141 and 
the intemiediate marine horizon, but excludes the Oamaurian 
coal series and ovcrlying Oamaurian marine rocks whicli «'t 
uticonformably. aecorditn* to Park, on the Kai laniata coal- 
1 neas«res proper. The Kaitangatan. like the Piripauan and ilie 
Cbrentian. includes botli coal-heds and marine rocks. awl i 1 - a 
jjrotij) nanic. whtoli mav be subsequende resolved into staftts. for 
the name of one of ivhich ‘Wangaloa* may stili serve as a liasiC 
Thomson tahu lates the componcnts of the Xotocenc ^ 
follous: 


C.hlH V SAMES 

VVaii^imiiTM. 


S T.\c *JE JtAMSS 

f Oisllccliffinii 
Wnitotarzm 
{ fOllior st;iKC^ 


0 :i nnniiaii 


Awamncm 
Mutchiusnnian 
j Ototamn 
1 Waiarckun 
X^ipcirnn (cixil-beiO 

, {Otfier sl;i£t fc s 


lOihcr tfronps or stfljjus pos^iMr \ —Ri|Kir<Kiii ( cm)-hc<ls ) 

(CJt hcr irmnps or sta^s pnssihic) 
rii-ip;iiian 

(0>1kt K rr Hi]is or possihle) 

Ch retuian. 
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Iu diis paper Thomson proposes for the “so~called Quatcr- 
nary rocks” of New Zcaland the name Nbtopleistocciic, vvhich is 
defined "as commencing wliere the Xotoceiie * * * leaves nff 
and conti tuiing to tlie present day." 

In a snbsequent paper (1919, 14 ) Thomson describes in 
detail for the area covered by his paper the Clarentian, which 
accordingf to him uiiconformably ovcrlies the pre-Claremian rocks 
and appears to be tinconformably overlaiti by a mu ds tone that 
confonnably tm der lies a glaticoiiitic sanclstone which conformablv 
lies jtist beneaih the Amuri limestone {op. cit,, fig. 5, ]>. 320). 
The secpience of rocks at Coversham is described as follows: 


S«wpit Gully ntuilstonts .. j,i»o fert 

Xidd iatidstone and mutlstones . . 350 

Cover Oeek rmithtuncs ....,.. 2,000 

Wtiarf gorgc sandstonus .. 450 

Wharf tmidstortcs . 1,500 

Basal conglomerates .. 250 


The fauiia of these rocks in thetr entirety is correlated hy 
Wootls {1917) with the Lower Ltatur of India, which is of 
about the sanie age as tlie Cppcr Gault of England, that is 
Albian. The Anitiri limcstone and the Wcka Pass stone are 
describet! in detail. An apparent unconformity becween the 
Amuri limestone and Clareutian greeiisandstone is described and 
figured (op. cit., pp. 328, 329, fig, 6) for an exposure 011 Her- 
ritig River, but perfect conformity to the Claretitian is reportet! 
for tlie arca from Dcc Gorge to Benmorc (op. cit., p. 336). 

Detailed descriptions are also given of the higher Grey 
maris, probably of middle Oamaruian or Ototaran age, and the 
Creat Madborough conglomerate 5, cjuestionably of upper Oama- 
urian age, and die Awalere betis, which include depusits ranging 
in age from upper Oamaruian to W aitotaran. In a postscripi 
to this paper Thomson says that additional observations point 
"to tlie probability of au unconformity bctween the ‘grey maris 
and the limer bcds.‘' 

■ Thomson's last paper is on the Xotoocne geoiogy of the 
Middle Waipara and Weka Pass District (1920, 15 h It is 
divided. following an introduci ion, imo three parts: r. Descrip¬ 
tive peology 1 2, Paleontology: 3. Correlation and classification of 
the Notoccne, and these are foliowed by a bibliography. The 
tliird part of this paper might have lieen nsed in place of most 
of the present article. for it is an excellent summary of the pres- 
ent status of the correlatioti of the later geological formati tms in 
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New Zealaiid. and I sliall fallow it closely in the sumniaty whicli 

will end this paper. 

At the end of a brief recapitulatton of Marshalls vie«>. 
Thomson says { p. 407), '*All this ts claimed in support of hi* 
clarificat ion of ali the youngeT rocks as a complete1y cortforni- 
ahlc en sem hic in the Oarnam systcm, rangtng in a^e from 
Senotiian to Pliocene, 11 * and then commetits as follows: 

Most of llicst elinitis arc optn to scrious criticisifL Angulir itnc^n 
for111 itic? are rardy sbciu hu - are nevertheless "not 3 t>scnt; while palcmi- 
tologicnl di scon forni ilies are also present. For instande, au the Kaiwhnfa 
Rtver cast Wellinpfton H there is a totidorne rate contamine houlders of 
Crctacemis Kindslofie^ preeusand*. and ha&nlts, &imilar to ihose outtrnp- 
pinp near hy. and ho-tfidors <>f shell-rock, apparent ly derived. ron- 
tdning Oamaruinn fossils. mcluiJiiig Prrtcn huiiatt!. "The eond nui eruite 
hrts a nuirfstone matrix and posses iip Lnto tnu dito nes. Tlierv i* 
obdoiisly an lirteonFomuly here hetwecn fw-o mernb-ers of tlie vminpcT 

rnckseries. Morgan and Fknderson lia ve described ttneonfnniiities in 
illimemus places, and it canoot reasonably be doubted that tbey occnr 
Diwnnfnrmhics, or phnes ri?pregentinp perimis of standstill and non■ 
dcpositiort h are also bown—e.pe, that betweeo the Weka Pass *inuc nrid 
A muri limestoue. and tliat hetweeii the Hiitchinsoti Qtiarry l*cds and Orn- 
tFira limcsione. The prpbahility of a pale ontoiogi coi diwcnformiiy 
the F>rcta heds And the Mouiit Brovrn beds lias be^n di* 
russed nhove, Important differentia! earth-movements ivere certainh- 
n perati ve in the productiori of the grea"i Marlhnrongh awk)meraie- 
Tltffe h tll^re tltftil rtiic liltt citume in \ T Afth Cant^rbiiry nnd in X^VEth 
Ancklaiid—e. in tli* Waipnrsi there are the Anum Imie&tone. the 
Weka Pass stulte» and tlic Moiini Brown limcstones. The mnin lirnc- 
srones nre of different in various l(xali|ies + and there are at 

lens* thr« divinet calcarinus h^rizous in xht younger rocks—vi/, 
itmsc of ttie Am uri limcstmie, tlie Qtotara limostone. and tfie Wair.v 
rapa lime st onc—w illi po^silily a fourili in the Ta.kaka liniestone, each 
of thcwc rorks repre^enting in tlteir rfs.peetivt loca Iit ies th^ perifld 
of maximum -stllw er gcnec. The claims made by Marsbali for his 

Oaniani syitem sire 1101 justlried on the facts» 

"Thomson ci£fain dis-cusscs (p, 409) the relative merit* of 
Mdrfihalls namc Oamarn sy^tem and of hh own Noiocenc. 
Marphairs nam e certainly is not wdl fotmded a^oorrling to the 
of biological nomtnciatvire and the rules in use in the 
L nitecl States, for geolnjfital naines + It is a homanym ol Hut- 
toTi s Oaniant system hnt is not at ali the sanie. To AJarslialTs 
criticism of Xotocene as a nante. Thomson reiorts. "in sideiice :i 
terni takes the meaiting it 5 author gives to it f and niv definit i 011 
of "Notoccne' is pcrfectly explicit,” 

The followinp^ is Thomson's genera 1 dassification of the 
Notocene rocks in the Waipara Weka Pass district (p. 335): 
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CEMlttAL CLASSIl 1 ' ICAT HLN H.H’ THE NUfOCEXE HuCKS [»)■ T1IE IV AII’.UtA ,l\ h 

WEK.\ P.VSS UISIWCT 


Age 

LocelI Xstmr 

Natur** -nf Rotkri 

Wanaitmian ’ 

kfjwlm betis 

TciTfstml KriLvels 

Gre*a <<»r Moiuuan) bc<l« 

Marine gravek» aiL(s t and bluc 
calca Deoiis riltldatOHCS with 
Rfavcllv shcrll-beds. 

- 

Mnunt Hrown faris 

ttuhbiy impure Uinefc tones antl 
enica mnis samdstonifs, inter- 
hrdcJetJ witli saiuls. 




OnittafiUan 'I 

u 

'Crey muris" 

Crey calca reou s atid sanfly iruid- 
stones, samlsinnes, and sands. 

VlYka Pass sione and 
Wfka Pnss ffr-cms^nd 

1 

i 

Lrimesi>t>t>e and cilcareous sand- 

stone. pas^ing: d^viri tillOfteid- 
tartuus fimriisand witli plios- 
phatte iifxliiles. 

Kiiitangatan 

A muri linicstciiw 

Chnlky liim^toiic. iMS-shlg flow.ii 
into maris and «Inu conii it 
murisione-c 

r 

Piripanan H 

Waiparii k recusantis 

Glaucam tic saiuls witli linnl 
ihin faris of ^reensanclstooc, 

“SiLiiriiin btds" 

Pvjrple- ftlEuiconitic tmidstom-^ 
p.1flsing flown into- frauda-, ho.h 
with ycltow efflorescencc, 

Ostrcsi hed 

Santlstom 1 ceimmifd hy poecili- 
tic crystals of calche, resting 
oji a sbelt-Twfd mainly com- 
pexsed nf oyster-nheUs, 

CoiJ-measurcs 

CaHbonaccous sliales. Limon it ic 
snnds Innes. jiikI sands witli 
thin of cotf.1. 
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Thomson in tliis paper tp. 323 ) gives the following table 
of the classificatioii of the Notqceno: 

DIVISIO VS Uv 1 Hfi SDIOCENE 


Groups 




P ruliaMc cor rd 11 ii m 


WmigciiHiiaii 


Oamarimu J 


tCuntlifcliffimi 
i Uattotanin 

r Aw£imoan 
H titchitisokibii 
I Qtolarau 
] Waiarckan 
Xgapa ran 
1 iP.ipartJiin 


K;* i tangat an 


liripHuan 


tLsmitmn 


i L’pper Pliocene 

Ji Upper Mtocene 
i Lowcr Miocenc 
I| OUeocciic 
' 1 

► Daniim to Eoeciie 

i 

i 1 

j ___ 

S^DLillidll 

T ti ron ia n - C cm inmn tau 
Albfan 


M ORC h A ^ \s CLASSI FlCATIOX 

Morgan has made important contributions to the classtn- 
eation of the younger geological formatione Fi ve pa(>ei> by 
liim and one by him and Bartrum are listed in tlie bihliography 
at the end of this paper. A general correlation table by liim 
( 1918. 5 ) is opjvisitc tliis page. 

Cd l ToxV CfiSTKM:rr]nNs To TU K CLASSI MCA'!'IMS ot' TU t 

SnTOCES V. 

Tlu- valite of tlie lesearcbes uf Spcigbt. Cotton, aml «the 1 "' 
011 the st rati graphio relations of the mettibers of the Notoceii* 
system and on the degradation of the baseinent rocks <if those 
format ion s prior to tbeir deposition. has been stated on prccol- 
ing pages, I Iere it is desired to call attentior particulari' l* 1 
Cottons stmlv of theGreat Marllxiroiigh conglomerate (1914. 3 ' 
This formation is composed of masses of rock ranging from 
6 inches to 2 feet in diameter, small pebbles, and fitie sai 1 ^- 
Among tlie constituents are pieces of Anutri limestone, sutu 1 
hlocks of which are as mncli as fi inciles in diameter. TliC 
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Approni" 1 *^ 

Ag« 


Fliocen 


..- 


cet*®- I 


Et» ccl 


. 1 


I^atc 


Cr« t: 


c eOU s 


Mldd oUS^ reC « 

tac eoU S 

O 


fiariy CrC ' 

taceo' 15 
( Heoconi 

U.O. ««=■> 


* 'Th* 

,?Ee ‘ hr * 
on<f 0<* 

1 i6§i 
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format ion overlics. tlic 1 Grey mari in Mi;UMe Clarence Valley and 
Cottnn covdd discern no uncouformitv betwccn the twn fortna- 
tions. According 1 to Cottou the deposit is of fluviatile origin 
and the physiograpLHc conditi otis that lerl to its productiori ivere 
dite to hlock faiilting'. A pnrt of tlic si^nificance of the forma- 
ttoii coTtsistfi Iu the evtdouM it sitpplie* in favor of earth straiiw 
and crusta! de format ion diinng tlie latter part nf the Xotoceiie. 
Th-ese stratus nilnimated in llic Kaikoura orogetiy whiclt Icrmi- 
11 at ed tlie \ T otoceiie epoch. 

SrMMAKV iil- Tm: CoHK Kl-ATJ(IX IIT TllK XnTilCKVK 

nr Xfpv 7 ivU,a\d 
lowv:h CMKTACKorS 

Morgan places as the loivcst format ion iit tlie tahlc by him, 
reprodLiced git a preccfliag pfl£C. 1 !i<? Kawhian or Awannian and 
indicate* iis ctjuivalence witli the Xeocomian of Europe, but he 

does not inakc ciear the basis for lits opiilinn. Thomson cloes 
not include thcsc stapes in his latrst table ( 1920,. 15 9 

M1L1IUI' CKKTACt-ors. 

TFie pelecyivvls and cephalopods of the Clarent i an Crela- 
ceous liave lieen examinetl and describet) by Woods (191^* jip. 
i ■ 12), wlio reached the conchi sion that the deposita are "oi 

aliout the sanie age as tlie 1/pper Oault and L pper Greellsaild 
of EhlglandX Alhian or Cenomani an, and the T.ower Utatur nf 

India. Wowlssays: 

The heds of bower ITaiiir ace in Xew Zeiikiuil rcsi on deposit* 
of 11 nidi ■eitrlier date, dwwinp ibat ille wkksjir-ifnd “Cviuuiiuiiian m-i i r- 
lap~' eMteiulod tn tliis «ninie reijion. Here tlie iiverlap Iverim in tlie 
Lnwcr Ltatin 1 pcrunl iis it d-uc- 111 /mlubind. Prtililidlefy. ftlltl t luit 

in ?fpme other rcjiion s it H.irled ai jl sonuivli.nt radier perimi. The 
(Icpnsitinn of ilie betis of Ijnwer L iritiir .mi’ in Xow Z -calanti was ap - 
panmllv folloivt-tl by upliit. ^ina- tlie Mk!<L 1 c 1 'tatur Wils ivitli .'friiu/hri- 
< r t m rc‘i (L«>w'cr Cli;i!ki, wliicli <>mir in Piititlidictv M;nlabascar. Zulii- 
laml. atul Japan. are tiot knwti i<i Iu,- ruprcscmc-d tlicrt'. 

OHErACKOrft 

Tlie PtrijMLian of Tltmnstm accordnig to Uoods is of upper 
Senoniaii af^e and i» correi a tetl by him with tlie -Xiobrara cbalk- 
The Xiobrara is tiot consitlered hy American greolngists as «pper 
Scnonian as snggeste-d hy \\*i«>ds (1917, p. t. 16f but as louer 
Senonian. The Xiobrara is far helow tbe top nf the Cretaceaits 
in tbe C»rcat Plains region of tlu? I nited State^. ft>r ulmvc it are 
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the Pier re sbales. the Tox Hili sandstone, and whatever part «f 
the old Laram ic group that may be referable to the Cretaceous. 
fleeatis-e of the ratlier definite cerrelatioii of the “Saurians betis*' 
of Anntri BluflF ane! nf the Waipara and Weka Pass District with 
tlie Niohrara (Ausliu) chalk (Woods. 1917, p, 15, lfrh it i* 
appropriate to nialte a feiv retnarks about this format ion. Do 
I,apparent lias clefinitely correlated it with the Emscherian t>r 
Dwer Scrtonian* L. W. Stephcnson lias ptiblished an important 
paper on the "Crotaceotts deposits of the eastern Ctilf region™ 
and he now has in press a monograph of the Cretaceous Mol¬ 
lusca of Nortli Cardina/ One of Stephenson*s subzones is des¬ 
ilti at ed the ilfortoniccras subzone and liis studies have confirined. 
tlie correlation made l>v fle Lapparent, The evidcnce in favor 
nf this conchi sion mi gbt l>e increased, but this snffices for present 
pnrpose*. If the Piripauan h really a correlative of the Niobrara. 
(Austinf chalk, the hreak between it and the Clarentian may 
nor he so great as Woods thought. It is pertinent to point otit 
here that there was no marine connedior between the Atlantic 
and Pacific occans in temperate or tropica! America during tlie 
d ispositton of the Xiohrara (Austin) chalk, 

The amnion ite heris of the Central Kaipara district, Xorth 
Island. probably are re f e rabie to the Piripauan (Marshall. 1917, 
8; Thomson. 1920, IS. p. 385). One of the ammonite genera 
represented here is Kftssmaiieeras, of which Marshall describe* 

two species. 

ACE rNTiETERMINED 

Lying above the Piripauan are the deposits classified by 
Thomson as Kaitangatan. This stage includes the Wangaloa 
l>eds (Marshall, 1917, 9 ) and the Amuri limeston-e t which also 
seeins to te represented “in east Welliiigton and in north Auck- 
lan-d by the hydra ulic limestone of Kaipara and Whangarei’^ 
(Thomson, 1920, 15 , p. 386). With regard to the gradual tran¬ 
sit ion from Cretaccons to .Eocetie, it was one of the tenets of the 
failli of Hector and his Supporters. Hutton first adhered to 
sudi a belief b-nt later abandoned it, and thereafter he and Park 
stoocl together. Marshall has vigorously champiorted the thesis 
that there is passage from Upper Cretaeeous to Tertiary without 
a,nv strattgraphic hreak, If there is a break, it has not vet hecn 

'De Lapparent. Traite cie Rcolofric, vot. 3. p. T 44J, 1906. 

T U. S, Geol, Survey Frof. Paper 81. 40 pp., ti pts,, J914. 

' North C;irolina Gcol. nnd Economic Snrvcy, rgai. 
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made ciear in the literattire where it is. Thomson and Speighl 
collected a Terti ary fauna, 19 per cent Retent species, in tlie 
upper ro feet of the Amurj limestone (Thomson, 1916, 8, p, 51V 
On the Lyellian pcrccntapc basis this wauld be Mincene, bnt 
for rea^orts giveti by Marshall and Martin, ttie horizon might 
be Oligocene, The base of the limeMone is separated from the 
Upper Crct acearis by between 150 and 210 feet of strata (Thom¬ 
son. 3917. 9 . p. 402T If tliere is no break in the stratigrapEiic 
^tccessioti and if the age of its upper part be taken as Oligocene. 
the Anturi limestone wotild represent an enormons time interval 
—Eocene. Paleocene, and ali of Upper Cretaceous down to tnid~ 


die Senonian. H is suggested that more stndy be put oti the 
beds lyiitjf between the at hia 1 base of the ArtUifi LulleStOrte atld 
;hc beds in whjeh Lin-doiibtedlv Upper Cretaceotis (Piripauan'} 
fossils first occur, W*., the uppemost beds of greensand that 
contain saurian teetli. 

The nature of the beds immediately below the Anturi lime- 
stone secm to me worthy of particular note. The following 
section is by Thomson for Waipara River between the time- 
done gorge and DoctoUs Gorge (19 iy, 9 , p. 402): 

r Fg{?( 


A nrnri limcslonc 


Onmnruian Weka Pass sterne 

Hard white short-fractitre-ri limcstone 

including a few marly hands.too 

JC.rey marly limes tone,.... 60 

Orey marly limes tone passinij yradualty 
down imo a dark bltie-grey tmtd- 
stone ft-iffi jb/o«t remtrins, glautonite 
< at the base* .....150 


F«t 

A fc«r wetl-inark-ed Itard bamls of 

greensand with Miiri;in tecth..... 6 

Rlaek gt-aucunitic mutlslone witfi ycllow 

efflorescente..,,........ 80 

Cone reti 011 ary gruens amis........ ijjio 

Purple mudstones (Saurinn beds 1 ) with 

yellow effloresccnce...... 100 

Sulphur tands pass-ing down inEo white 

sancis.... .......200 

Poecilitic sandstnnc J 

flafrrrt bed I . .".. * 

Sandstones and tine con^loTncxatcs with 

coal .—............... .,. 40 

The presenee of piant remains in the lowcr part of the grey 
marly 11 m esto ne and of glauconite at its base are strongly sug¬ 
gesti ve of disconformity, if not of tineonformity. Many Ameri- 

* Not italicirtd in the orig-inal. 
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eram ^trolns^ists are accusl*mietl to diseon formities tliai reprendit 
^reat lapses of (ime. In tliis connectum attention will he rlireeter! 
to some statements and illustratione pnbhshed by SchudienA 
There may he no record of important geological epoch* betueen 
strata whicli lmy hc stmctnrally conformable to otie annther aniS 
yel of widely different apes, A notii er paper in point i* one h\ 
Slephenson. 11 An important disconfonnlty fchat lonjj escaped 
notice in Florida is tlic one hetwcen the Alum 111 uff Imm 
MWere and rlic Choctawhatchce upper Miownc. 14 This <li«ort- 
tformitv pmliablv represeuts more thaii a third of ali the M ioccnc 
strata knmvii in t lie eastem and soutlieastem parts of tlie 
l nited States. 

YVith retfard to the fflaucoinite at the ha se of the £fey marly 
iiuieslniie, rl is important to know wliether il is autoditlumous nr 
cte rivet!. Folrlman says m a reeent paper: 1S 

The riVNi^tiitinii nf dii*’ a sauciat i^ll heiwcm iA.m 

comte > e E Mrahurripliie breiiks is esseiitijilly mereJy ilii extensiori a m I 
:i|>]>lit L ;n ion <pF ihr recognitinn by CsiyvtiJt” of the cormedioa hetwc-iii 

i i-1 |tltms|»liale :nnl nicn ement of trnns^ res sion ;ind rt.-igri fe *siiiii. In 
fuci. Caycws hi± p;i|x k r by callinti alicntinii m the 

*if ftbmci mite rmd plinsphatc liy wliicli he seeks bo e.xplam iho^e |l d 

l(h- tfeobyric 

The AV'nnyaloa hetls are admittet! by every one ho lias 
Mudicd the fanna to possess Cretaceoiis aifimtics i Marshalh 
njlj, 9 , p. 45<J; Thomson, lpJQi h 15 . p T 385), I ha ve not Inui an 
op|H'irtuiiity to stitcly the fauna. excepi Marslialfs figures. Init (*n 
the hasis of tliese fifjnres 1 am willing to hazard a guess tliat tlic 
famia i* not far 111 a^e from the Eoccne Martines of Califomb 
and Ilie -Midwav of the Giilf States. As the fatmas of Central 
America, the western part of the United States, and wcstern 
South Amerini becoinc better known a better basis for omipar- 
hui ivili bt 1 estahlisheff My presetit stiggestion is tliat tlie tatrna 

Hl Scliudii rt. Charles. P;ikr^ii>gr;i|)hy of Xurth AmoTica. CiccE 
Sin:, \im-r. hnll . vul. jo m p p. -I-P-4 J a ^ 47; iQ-Jo. 

11 Sreplifiiv m, L. W., The Creiaicentis-Eoceno cmtact in clu* Atlan¬ 
tic nUid tlnlf C^isul Phthi; L\ 5 . Geul. Snrvey Prnf_ P:ipcr pp 
155 -iSj. pK it^iQ, text fijcs. 1915. 

l= Viii1wlM(i, T U\, MutMiri, C_ C.. and Ch-ipp, F G_. A preUniin^r^ 
rufiori 011 ibe of Monda; Flomla Ceol. Snrcey jikI Ami- 

Hipl,. ]i. ti ", (t>m 

l! CftddiiKiKv M. 1Litholn^ic Milw-urfjure corrtliuinn in the “lleml 
Series” nf \"ortti Ceiil r;il Texas: L\ S. fieol. Survey Prof Pnpi^ 
U>. l>p. i-JA 1 pb. 3 iesl li^,. 1^3- 

1H Caycnx, b. h (k. l i^£ l sv des giscmcnt^ *]? jiliL-ispKjites dc e]|^lu^ 
*-t-ilimeiniaircs: Sn L '. <Wnl. Frsmce [Vtil3 4 ih ^n’r. L vnl. pp ion 
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is rtot Cret acernis but that it is very tow Kocene—and it should 
be stated that: this is very nearly, if not precisely, Marshalbs 
oplnion. 

The Hampden beds of Marshall f 1919. 13 ) : Thomson. f1920 
IS. p. 390) are of nearly the age of the WangaVia heds, the dif- 
ferences in the faunas perhaps being due, as Marshall suggests, 
to differences in the nature of the bottom. 

OAMARUl,\N 

Many fossils have bcen describet! from this group but cer- 
tain horizons are much more richly fossiliferous than others, It 
is supposed to ratite in age from Oligocetie to upper Miocene. 
Thomson (1920, 15 , pp. 388-396) has made a special compilation 
of species according to beds for the Oainaru district and sum- 
marizes the flata as foliows: 

The percfntagfs of Recent species in die toial faunas of the 
prmincc imy lic- estimated iti twn ways—viz., by actual records. or 
hy implicatiori: i. e., tf a species in the Waiarekan is also ktiown 
from the Awamoan or Recent it may he credited to the imermediate 
rocks. The ntimliers of species and pt recti (ages of Rcccnt species are 
as follows: Ry ac tua I records—Waiurekim, n\ (Recent, -j ? per 

cent) ; Ototnran, 90 (Recent. —,11 per cent); Hutchin^nuian, 07 
(Recent. 36=37 per cent \ ; Awanlrxm, 336 ( Recent, per cent): 

hy implication—Ototaran. 178 (Recent. 69—Jp per cent); Hiitchiusoiiian. 
207 fRecent, 823=540 per cent): Awamoaii, ,147 (Recent. ifr —fa i per 
cent). It is to he expected tliat when the collections from the Inwer 
stapes are as exhausti ve as diose from the Awainoan the porceniages 
ohtaincd hy the methnds ^jll approach ouc another more rtcarly, and 
also that there will he a regular increiise from the Waiarckan to the 
Awanioan. ft would he premature to assume that (here had heep a 
sudden introduction of new fornis in fhc AwamOan, aLtliough that is 
the actual suggestion of the lists, 

Aecorrling to the Lyellian formula ali of tliese horizon s 
except the Waiarckan would be Pliocene, After making allow- 
ances for retarder! specific changes in the Pacific, Miocene ap- 
pear.s to be the maximum autiquity that might bc assigner! to 
the stages, 

WANG.WUIANf 

Thomson, in the table copied iit this articlc from his latest 
paper (1920, 15 , p. 323) recognized two stages in the Wanga- 
tutian grmip. the Waitotaran below and the Castlccliffian above, 
bnt he expressed (1920, 15 . p, 398) the opinion that the fossilif- 
erotis beds of the Palliser Bay di^trict and Kawa Crcck (scc 
Bartrum, 1919. 3 ) might occupy a position between the Awa- 


Digitzed by 


Gouglc 


Ori ginni from 


HARVARD UNIVERSITY 



73& 


f\\x-P acific Scjkntific Coxference 


nioan and the Waitmar&n* Three of MarshaH* series (4919.13» 
I>* ^49 > woulcl belong liere, \\x, t thq VVaipipi witli 60-70 per ce iit 
Recent speciei: the ‘Nufeuinaru 70-80 per eeiit Recent species 1 
and the Castlecliff with 80-90 per cent Recent species» The lat¬ 
ent comprehensive lists are by Marshall and Murdock (1920, 1}. 
Thomson also refers io the Wati£aru.iian the Greta beds, whi-ch 
ha ve a wirlc -distribui ion in the Lower Waipara, Upper Waipara. 
Greta, and Motimau districta. The Greta fauna of 95 specit? 
contain? 6 " per cent Receni fpecies, The W an ganni an is con- 
sidercd to Ix? of Pliocene hy ali who liave studiecl the grnup. 

Tlicrc are in the W-angantiian two disconfonnities which 
may bc of considcrablc jmportan.ee. Marshall and Murdnek 
say { njjo. 1. pp. 117, t t 81: 

Tliree miles 10 the norlli of Kai Iw-i an oM land stirfaco «mt» 
l»c 'cui ilblitietly 111 the strati fi c a 1 ion. The evidentt of ihis is frrnnd 
iii ;i stralum of Iwitll-ffOm pctVbles. a carbonaccous stratum wfU!» 
mnts pi-iteiratiiiR the litue ciay henenth. aiu| ,1 mmtlirr of moltuscao 
liorcs fienetratinir ii. 

* * * * * 

TFierc i* .innther mRl.iti.ee of interbeddtd carhonaceou s maner 
and * >f pcnel raiitig r»nts near Ihc soiitli end of the Vulturnam 
IWh * * *. 

TIicsc tvvci discotiformitifrs obviouslv divide the scclion into 
three jjarts., and logically the faunas should liave been discussed 
with reforcnce to tliem, but tliis was not tlone. Frnm Marshalhs 
lneasiiremerts of strata and cstiinates of the rate of extinctinn of 
species, the following table has been constnicted: 
l'pper part, CaPtlecliflf to Kat Tivi ; 1 per cent extinct for eacH 

384 ft. of strata. 

Mirldle part, Kai Iwi fo Xulcirmaru : I per cent exrinct for e&ch 

75 f 11 of strata. 

Lower part, Ntikumaru (o Waipipi : 1 per cent extinct for each 

97 ft, of strata. 

Castleeiiff is the soitthemmost of the expostires and dtp is 
SQUtheast at an average rate of about 4L The upper discon- 
formitr ncnirs bctwecn Kai Iwi and Nukumaru. the lower ane 
at the south end of Niikumartt Beacb. Tt is interesting to rtOte 
that trctween fCai Iwi and Castlecliff, \vh ere no dtsconformitv is 
recordet!, the rate of specific cliange is very slow in tenus of 
thickness of strata and that betwecn Nukumaru and Kai Iwi. 
whgrg {\vo diacon formities are recorded, the rate pf specific 
cliange is inore than five times more rapid than where there are 
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no discon forni it ies. Between Nukumaru and Waipipi no discoii- 
iormity is reeorded and thc rate of specific chauge is slower 
than across the disconformities, bnt more rapid than between 
Kai Iwi and CastlecliflF. The data presented by Marsliall and 
Murdock suggest that tbe discon formiti es iti the Wanganutan 
represetit eonsiderable time intervals, and they also suggest tliat 
thc stretch between Nukumaru and Waipipi shonld be searched 
for disconformities. 

CONCLUSIONS 

This review makes ciear the large amoiint of earnest work 
that bas been done on tbe paleontology and stratigraphy of Lhe 
late Mesozoic and tbe Tcrtiary formations of New Zealand. tliat 
the geological successioti in its principal otitlines has been made 
out, and that many important featnres of the stTatigraphic sub¬ 
divi sions liave been described. Tbere is, however. muoh more 
work to be done. The fossi! floras need to be studied with 
refercnce to tbcir geological relations. and tbe foramini fera and 
bryozoa. two groups of organisms of high value in correlation, 
need critical study. The investigatioiis of the Mollusca and 
Brachiopoda need to be carried further, 

The stratigraphic i nter relations of many of the formations 
are stili inadequately known. In my review I have ventured to 
suggest that more attentiori be paid to disconformities and their 
possible significancc. 

BibLIOGRapu v 

As Thomson has given ftgij, +. pp. 51-75 1 a bibliography 
of the paleontology of New Zealand np to and including 1912 
and has included in it tities of papers that deal with the geology 
of tbe districts from which the fossils came, there is no reason 
to attempt here any special ii-st of publications prior to 191.1. The 
references here given are almost confined to papers of later 
date, and there has been no effort to niake the list complete. My 
endeavor has been rather to include tities of those papers that 
deal witb New Zealand paleontology and probi em s of correla- 
tions and tities of thoss T fonnd bplpful in imrlerstanding the 
status of opinion regarding the stratigraphic relations of the 
formations. The tities of papers that do not deal specially with 
New Zealand but are referred to in tbe text of this article are 
given in foomotes, I have numbered tlie papers under cach 
author’s name where there is more than onc etitry and in thc 
text after the author"s name references are made in parentheses 
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In tlie yeiir tlie nmiiU-T of the paper in hlack-faceti type. M- 
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indicates rhat the paper is of pa1ec>ntological nature. 
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of Crmccmis and Tertiary forinalions in \>w Zeatand l 
r, Ortton, C. A.h Typica! uctmn* thowAntr tlic junction ni tlie Amuri 
Ijim-StUllt iitwL Wckn Pass stone nt Wekn P-tiss i K. Z. 1 nsl PrOC - 
VnL 44 - PP^ S 4 -^ 5 , 101 T. 

». ---The physiotfrrtphy of t!u- Middfc Olarencc Vsdley. \iw 

Zeahtid ; Gcograpli. Jdtir for Sepi. 1913, pp. J25-J46. 14 r-\ j ti4 s -■ 
n?U- 

X ———-. Oti the rckitoris of ihe Grcat Marlborough consoni - 

4 Tati‘ H* thv iindcrkiiijf-forniELliocis an tSie Middlc Ckrencc V-iik}. 

Xew Zralxind : Joitr_ Geolo^y. vol- 22. pp. 346-363. 7 text-fig*., W 4 - 

4 -, The structure rm-rl ktcr prolog ical history of Xew 

ZlilIjlikI: Ceol. Meik-. X- S.„ 1>CC. 6, vol. 3, pp. J43-24-9. i 

Sf^t 191 fi. 

5 -, Bltiek fiicpunraanis and .t ^f^ssiF dvnmiaiion plair* i« 
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vo|. 4,0. pp, 4>[)-43j, pt>. \f> and 3 i H 3 ig];. 
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idmiified hy II, Suter.l 

1. MarshalL P.. W j w Zcaland and -adjacent islanJs 1 Hnndlj. re«i^ 
(scoIok - Hirft 5, vol. 7; pi. t h jW pp. 17 Kxr-(ivs. h igit. 

2. -- —’—, C,e* tl.i^y vi Xtw Zcalnnd. Jlti pp., fruiltkoiree, ^‘1- 

orvil peoln^icid map. and itj figs. WeUington: John Mackay. (- <u - 
c r nttlcnt T r in t er : j ci j s-, 

3. --— -—The younfler rock series of New ZraLmd : Geni. ■ 

S . P.. T)oe $ m vol. g K |>p. 314-320. 2 text-fi^s., igu. 

4 * MiirsIialL P., Cain^ic fwstk frgrn Oamam: N. Z lnst Tr^ns. 
vnl. 47 « PP J 77 -J h 7 . -? 191 5 - 

-—_■ — h The yoiinuor Hmcstoncs of XVw Ze;(Lird : X. Z. 1 »^. 

Trans., lhtd„ vol, 48. pp. H;-yf) p pls, K-io. 1 l sketeh map^- 

igif>. 

6/ —— -„ Reklitms lietweuu Creiacenin- and Tertinry rocb 

X. Z. Insr. Trans., vol, 48. pp. non-iiQ. *0^'- 
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48. pp, 120- ui* pL iu 1916. 
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vol. 49 . PP 4 JJ- 4 SO. pK 3 J- 3 J. 4 tcst-tigs., 191 “• 
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X. Z. In&t. Trans., vol. 49, pp. 461-462, 1917, 

n.* --, Fossils and age of tlie Hampdcti (Griekakara) \mh: 

X. Z. Inst Trans., vol. 49, pp, 463-466, 1917. 

12* - * Tlie Tertiary tnollns^an fauna of Pak fiu mugi Pnint. 

Kaipnra Harlior: XV Z. Inst. Trans** vol. 50. pp. 263-277. pk, 18-22. 
ig 1 S_ 

i.f * — -— —. Fami a of thc Mamptlcn heds smd dassiticaiion of thc 

Oamaru mystem: XV Z. Inst. Trans, vul. 51. pp. 226-250. pls. 15-17. 
iQia 

14. * - —— + Occvirrencc of fossil Moa hnnes in thc lower Wanga- 

nui strata : XV Z, In^t, Trans., vol. 51, pp. 250-253, pl. lH. lext-fig.. 

1919 

15. * - - —i Same new fossil species of Mollusca: XV 2 r Inst, 

Trans., vol. 51, pp. 253-258, pls. 19*21. 1919. | Species from the fol* 

lowing localities: Wharekuri oti Waitaki River; Target GnLly; Wai- 
pipi; Xnkumaru ; Casllecliff Ileach near Wanganui J 

16 * - . The Tawhiti series, Rast Cape District: XV Z, Inst. 

Trans.. vol r 52, pp. 109-110. iqzq. 

17.* —- , The Hampdcti beds and thc New Zea I and Tertiary 

limestones: NV Z. Inst Trans., vol. 52, pp. IU-IT4, 1920. 

1.* MarshalL, F-. and Murdock, R., Tertiary rocks near Wungnmtt: 

X Z. Inst. Trans.. vol. 52. pp 115-128, 1920. 

>* ~——- ——-, ^ ——, Sonic Tertiary Mollusca* with descrip- 

lions of new species; NV Z. Inst, Trans., vol. 52, pp, I28*rj6 h pL 3, 
6-io. rij2o. | Species from WaipipL Xukuniaru. Pakaurangi Point 
< Kaipara Harborh Hampden. and Target Gully.] 

MaridiaN, P. SpcigliL, K. and Cuttuu. C. A. n The yuuuger rock series 
of Xe^ Zealand : XV Z. Inst, Trans., vol. 43. pp. 378^407, 9 text-rtgs, 

! pl* 1Q1I- 

1, * Marshall, P. + atid Uttky, G. H. h Somc Lucalities for fnssils nt Qa- 

mani; XV Z. Inst, Trans*, vol* 45* pp. 297-307, 3 trxt-figs., 1912, 

2, *- h —— -, Localities for fossils ncur Oumnru: 

XV Z. Inst. TrtiOS,* rob 46, pp. 279-280. 1914. 
r. Morgan, P, G,. Unconformities in thc stratified rocks of the west 
eoa st of South Island: XV Z. Inst. Trans,, vol* 46, pp. 270-278, [914, 

2. ——-. Weka Pass District. Xorth Canterhtiry, NV Z Geol. 

Survey gth Ann, Rept., Pari. Paper CV-2, pp. 90-93, 1915, 

3. .— - . Notes of a visit to Marlhorotigh and Xorth Canter- 

bury, with especial refercnce to nucon forni ities post-dating thc A muri 
limostone: X. Z. Geol. Survey, lOth Ann. Repi., Pari. Paper C-2H. 
pp, 17-29, 1 sketeh tivip, 2 texl-hgs., tQih. 

4. , Records of unconformities from Istic Cretaceotts tn 

early Miocttie m X T ew Zealaml: XV Z r [nst Trans,, vol, 48, pp. 1-18. 
1916. 

5. * - ——. Localities from wliicli tish-rernains werc cotlectod: 

XV Z. Geni, Survey, Paleont. Bulk no* 7* pp r 33-40, 3918. 

-- -—-. and Rartnim. J. A . The genlogy and rriiiiernl re- 

sonrces of thc Bttltcr-Mokiktnni subdi Vision, Westport Diviston : X. Z. 
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skctdi map. 17 icxt-fijis.., rpos, 
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Ciiristdmrdi, X. 7... and ibrwhcrc. Wtiitcomlie and Tom^ LkL. 

io 10. t 

-, The im conformabit' re latioris litp of tlw lower Tertia nr- 
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vol. K pp. 539549, 4 tcat-tifrs,. 1911. 

4,*- — -, Tertiary fossils in the Weka Pass stonc: Gfol. Ji.w:. 

X, S.. vtil, o, p, 3J0, 1012. 

5-, Tlic supposed Cmaceo-Terti,iry succcssinn of .Vc* 

Zcalnml: Gcol, Majf. X- S,. vol, 9, pp- 491-498, 3 icxt-tigs., 1912, 

6.-—, Tlic rrla timidi i p of tlic Uppcr Cf-etnc^ops aml \™<r 

Cain07dc formalioris nf New Zea lanci: X Z. !nst. Trans., vd. 49. 
pp .102-394.. 1917. 
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tnffs near Dvborali, Oataaru; X, Z, I«st, Tr-ans,, vol. 49 . V 

1 pl„ 1917- 
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Ktrd. V. R C, New Zeateiifl: iti Geolngy of the Britwli Kmpirv. pp 
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|t - . Rcvjsion of the Tertiary Mollusca of Nch Z calami. 

iKised ott type material, Pan 1: N. Z Gcol Snrvey Falconi. R11II, 

no, 2. pp, 64- 1" pls . 1914; P.trt 2. no. 3, pp, eo. 9 pls. 1915 

4.* -, Descripiiors ncw Tertiary Mollusca occurri tu; in 

\>w Zcalantl. accompauiwl bv a fcw nntes on ueccssary ditiogcs in 
nomendature: N, Z. Gcol. Snrvey, Falconi. Pari 1, no, 5. pp. 93- 
13 pls,, 1917, 

j.* Tlioiflsoit, J Alitui. Ffifisilii froin Kakamit: \*. Z. lnst. Trans., vnl. 
40, pp. 98-103, pl. 14. 190K 


Digitized by Goualc 


□rigir.al from 

HARVARD UNIVERStTY 



Post CrETaCGGUS Formation 


743 


2* Thuinson, J. Altnii, Qn a discuvcry of fossils in tltc Wds;i ¥;\±?* stonc, 
New Zcaland; Ged. Mag. p M. S-* Dcc, 5. vol. % pp ; 335-336, 3913. 

3. * --, Report of the FaLeontologist (including "Ficldwork 
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Tertiary 111 New Zcaland; N, Z, Inst, Trans.* vol 48. pp. 28-40. 1916. 

8*-— ——. The fiint-beds. as socia te d with the Amuri fi me st on e of 

Marlborough: N, 7 , Inst, Trans,, vol. 48, pp. 48-58, pls. 2-3, 2 text- 
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the Xotoccne: X. Z. Inst. Trans,, vol, 49 . PP- 397 -413. 1917, 

10, *-—-, The Hnwcra series, or the so-called '"Drift formation” 

of Hawera: X. 7 Tnst Trans., vol. 49. pp. 414-417, igTj. 

ir.*-. Ott the ape of the Waikoutl sandstonc, Otaj<o. Xew 
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14*-— -—, The |jco 1 o|fy of the Middle Clarer ce and Ure valleys. 
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Inst. Trans., vol. 48, pp. 19-27- 3 texi-fi«s.. 1916. 

2. - _____ Geology of the Oamaru-Papakaio District: X. Z. Inst, 

Trans,, vol. 50, pp, 1 r8 r?4, 6 tgxt-figs, 1918. 
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POST-CRETACEOUS ROCKS OF AUSTRALIA 
ftv HljXJtV CaSELLI RlCifABDP 
ixTnonrciruN 

Marine sediments of Cainozoic age in Australia are alnin<t 
cutirely restricted to the Southern part of the Commonwealth: 
freshwater and fluviatile dcposits are di»strtbuted over the 
whole CommonweaUh while in eastem Australia and Tasmania 
there are a great vvealth and variety of volcanic rocks l>e- 
longing to this era. 

There are rnany difficultics assnciatcd with the clissifi- 
cation and correlatio» of these ructa. especially ilie maiinr 
sediments. 

As will Ije shoivri later tlic attempts to corretatc diese 
deposits witlt the European developments by tlie Lycllian 

method prove very tinsatisfactory. ivhile oiving to the alnmst 
total absencc of Pleistocene glaciat ion in Australia it is very 
diflkult to separate the Tertiary from the Post-Tertiarv 
rocks. We have no direct eviderice of the existcnce of a 
highway for the nijgration of marine forns betweer the 
Australia» Cainozoic seas and the Tethvs so that a direct com- 
parison of the Australiaii Tertiary fornis wit-h those of Eurq* 
may pro ve fallacions . 1 

The attempts of the earlier investigators sucti as Sir F. 
McCoy, Professor Kalph Tate» W. J. Dcnnant and otliers u> 
classify and correlate the marine sediments by tlie Lyellian 
mcthods resuttcd in cotisldcrahlc confusicii as no tivo audior- 
ities ivere agreed as to what lieris ivere meant in coimection 
with the ternis Eocene, Miocene. and Pliocetie, In onfcr m 
oyercome this difhcttUy the late Dr. T. S. Hali and Dr. 0 . 
H. Pritchard in 1901* snggesred a nomenclatore eomprwd of 
bcal names for the main subdivisione of the strata. Thty 
introduced the ternis llcrrikooian, Kalitiman, Balccntbiati and 
Jatt Juciatt (Jan Jukian, and subsequently Bancwtian), 

Differences of opimon existed not only as to tlie ages of 
the beds bnt also as to the seqtience of ihc component forma¬ 
lioris and the following table showing the sequence ane age 
was drawn up by these autfiors, 

' Davirf. T. W. E. Crfolojjy nf Conimomvralth: Fcd. HHhk. Urit- 
isli Assue, Adv. Sc.. p. 2H5, 1514. 

* Proc. Rov. Soc, Victoria» XIV.» N S,, Pt. 2 . pp. 7S-81, 1502. 

[?**] 
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\V crrikooian 
Kalimnan 


McCoy ! Tat e and Germani 
i 1 Plciatoccuc (Tate) 


fPlioctntr (Dtnrnnt) 

OMcrr Fliocene Miocene Mioctne 


H:ill and Pritcliard 


rHoccno 


Raltombian 

Ol Kze-ne 

Rocene 

' Eocene 

Jan JukLan 

Miocene to 

| Olitfucene (?) T;ile 

Foce 110 


Oligoeene 

Eoemic 

| 

Altlirtp.ln 


Eocctil' ( in part I 

! Ivucenc i in 


The terni ll trrikoown was dcrived froni the Parish of 
Werrihoo in which the Limestoiie Creek lietis on tlie Cjlenelft 
River in Western Victoria occurre*!, The tcnn Kaiimnon was 
given to the berl* at Jirnitiy*s Point near the motith of the 
Ciippslaml Lakes in Victoria and near the township of Kalimna. 
Ralcotnbian was derivet! frt>m Balct>mbe's Uay near Mormnjftoil 

on Port Phillip, while Jan Jitkkin fjan Jucian) was giveti to 

the section near Spring Creek on the coast of Rass Rtrait soutli 
of Gcelong in the parish of Jan Jtic, 

One of the controversi es centered around the sequente of 
the Jan Jukian and 13 ak L OTtibsari. Thts CoItttfuVtfsy may be 
retardet! as stili cxistcnt as Mr, F. ChapmaiT jx?stulates that 
tlie Jaii Jukian is the yOutljfer SCfies while Hali 4 in 1914 dc- 
fended his eartier contentkm that the Jan Jukian betis are the 
oldef. 

Iti the absente of typica! fossils it 11 ot easy to decide 
whether a bed is Balcanibimt or Jan Jukian and t 3 ie witlcr 
terni Barwwtwi tias beeti given to meet this riifficulty as botli 
thesc horizons are ave II develaped in tlie iSanvcm River basiu 
in the G«e!ong area/ 

In arcter to show the pos-itions laken up by Cliapmar oti 
the one hancl and Hali and Pritcharcl on tlie other the follovviti^ 
ta.b!e ft may be tisecL 


* Chapman, F., Mcm. Nat, Mus, Midbriunic-, \‘o. j. p. q. 1914. 

* Midi. T. S._ llrindi Assoc. Adv. Sd. ftepo-rt fnr 1914 p. ,17.1. 

tiliS. 

s Pritchard, 11. fL Krilwli Assue, Adi. Nei, Repor» far 1914. 
P X74> 

* Midi licti frimi uiMt p. jgK. I*ed. l-ldhk. Rrimli Assoc. Adv. Sci., 
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IItwll and Pritrhard 
4. Werrikooian ( Plitice-Tic) 

3, Kalimnan (Mioccnc) 

( i Jan Jnkin» fEocenr) 

) Aldinfmti {EtKrenc in parr) 
2 . R.il conibi an ( E oc-c n-e ) 


4. Upper F!. jocent 
3. l.nwer Plioccrnt 

j. 3 liocetie 

1. Oligoccnc 


Tlic earlier workers adopted tlic Lycllian method—tfa 
determinat ion of tlic pereentage of the retent Mollusca in lhi 
serit?'—as tlic basis of classification, A? pointcd out by P* 11- 
fessor DavicP and others “it is tiow ciear that some Australi an 
palcoutologrists wlio worked on the-se lines <lid not reco^wzt 
the fact that in inany of the oldcr Tertiary de^it.s of Aus¬ 
tralia the marine mdlusean fanna Ls not as was orfginaJJy 
supposed, littoral in habit. btil helongs to a moderate depth 
Morcover, recent dredgings lia ve shown tliat many fornis in the 
older Australi ati Tertiaries whieh w£fe thottght to bc estiucL 
exi st today. 

F)avid,* Cliapn ian. s Grejjorv,® and U11I loti Xewtoti 11 * all 
advocate placitig the so-called Eocenc of Southern Australia m 
with some part of the MtOCefle deposits, Chapman has pointed 
out that the Ha Icon ib i an wliich lic (Chapmanl regatib a- 
ihe olriest formation in Australia with marine fossils is ap¬ 
proximate! v equi valent in age to the 1 L pper Oligncetie a 11(! 
f,0 wer Miocenc of Kurope, Xorth America, the West Indes, 
and Pat agonia, FTe States that OrtmaiTs coniparison of the 
Patagoman heds with the Australi an ortes resuit in the lattffs 
support of tlic early vicws of McCoy which are those of Chaji- 
man torlay. 

Siiice Ortruann'5 prouonncement against the Lyellian niettnxl 
for clas&jfvmg «and corrclating Cainozoic deposits in the soutbefn 
liemispliere llall stated 11 that he stili adhered to the Lyctiis 
method arui conhl not accept that adopted by Ortmann whirii 
"eonsists in compari ng cach species with species of knowrt aje 
in tlic northeni hemisphere, deritling which is tlie uearest ‘ally 
or 'representative" and referring the Southern format fons to thnsc 
nortliern oties whtcli yield the greatest inuiiber of ‘relatio»- 
ships.’ It passes by as of 110 itnportatice ali the Southern fornn.' 

a Op. c it. p. 285. 

"Mctn, Nat. Mus. Mellwju.ni e- Xo. 5.. IQI4 

*ftritiVh Assor, Adv, Sc. Repnrc fnr rqij. p 376. 

" Hritish Assnc. ,Adc r Se. Report fo-r rprj, p. .175. 

" Op. dt. p. j 7 ,t- 
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However. the tendeticy toclay is to regard the Cainozoic de- 
po&its ag rnostly beto-nging to the middle pati of the Cainoaok 
and reference to the paper by Mr. F. Chapman 9 “On the Succes¬ 
siori and Koniotaxlal. Relationships of the Australian Cainozolc 
System" should bc made by anyone seeking evidence on that 
point. 

Chap mans conclusione ihat the beds httherto regarded as 
belonging to the Kucenc are Oligocene and M incene—niostly the 
latter—lias snpport from Professor J, W, Gregory and Jfr, E. 
Bullcn Newton. 

Gregory on the evklence of the Echinoidea, Bryozoa, autl 
some fossil vertebrates fcniiid libnself strongly suppor ting Chap- 
nian; the evidence of the Echinoidea being especially definite. 

Rullen Newton state? that Chapman’s evklence in the Ratcs- 
ford Linrestone (Rarwonian) of fornis sueh as Lepirfocyclina. 
Amphistegina, and Uthotliamnium is important as the se forms 
characterize the Miocene beds of Europe. Java, Sutnatra, Bor- 
neo, Formosa, ete, The absence of Numtnulitcs in tliis Itme- 
stone as sliown by Chapman is also regarded by Xewton as 

against lts age being either Eocene or Qligocene. 

Xewtoii is of the opinion "that the lower Teniary faunas of 
Australia presented in some cases a reeent facies, in others «a 
Miocenc facies with relationships to both Kuropean and South 
American species of that period.” 3 * 

Newton poitits out that even before Chapman had advoc.ated 
a Miocene age for the Lower Marine Tertiafy deposits of Aus¬ 
tralia, Dr. Oitmana in his mo-nograph in 1902 on the Tertiary 
Deposite of Fatagonia "has shown cvidence against the presctice 
of Eocene deposits in Australia and id enti fi ed those so-cal!ed as 
Miocene and contemporaneous with the Fareura beds of New 
Zealand, Navitfad series of Chili, and the Fatagonia n deposits. 

Chapman” States that the most complete evitfeuce for the 
fiilKoessioii of all the Cainozoic Series in one locality is. to be 
gathered from the Grange Burn exposures in the Hamilton Di*- 
trict of Western Victoria and that onc gets the Balcombian, Tali 
Juklan, atid Kalimnan in that order from below npwards. This 
Reqoencc he States is borne out by deep-boring at Sorrento and 
that the bores in the Mallee disfcrict of Victoria slvow the grad- 
iial transition of the Jan Jukian into the Kalinman. 

u R. B, Newton, op, cit. p. 375. 

11 M em. Nat, Mus. M-cJhmumt No, 5, pp, 46. 5’. 1914, 
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Ile fiolds tlial tlie licnnotaxial eqmvalents of tlie Batoomliiaii 
iti Europcan stratigraphy are tlie Oligocene includiiig the ■fltivkv 
inarinc beds of the south of England and tlie Isle of Wight. tlie 
Septaria Clay of Ucrmstlorf and Latdorf in North Gennany* 
and ibe Tongrian of Belgium. Tlie llagellaniaii beds of Pata- 
gonia and the Waimangaroa series of New Zealand he regards 
as helonging to this series. 

The homotaxial equi valent of tlie- Jan Jukian in EurOpe i", 
accorditig to the sanie author^ the Miocene (approximately Aqixi- 
lartiati to Tortouiati) and its greatest devdopment approximate? 
to lSurcligalian. ivhile the homotaxial eqtii valent in PatagonaJ is 
tlie Tatagontan beds of Santa Crtiz and. in New Zealand approxi- 
mately the Oamani Series. 

UALCllMIIIAN SEklKS (oLIGrHKX E? I 

Tliis series is restricted to the State of Victoria aml the 
type a rea ^ are at Balcombe’s Bay and Grice’s Bay o-n the south- 
casitem side of Port Plullip in Victoria. At Muddy Creek near 
Hamitton in Western Victoria a natural section revestis betis of 
this age made up of hinc day containing a ricli gastropcxl fauna 
and some times witli imich glauconite signi fying a fairly deep 
\vatcr origira. 

At Sorrento near the Port Phillip Heads a bore traverwrt 
at least 300 to 400 feet of this series witliout reaching tlie ba.se 
«ri them. 

The betis are made up of sancte and slielly maris wliicli arr 
largely forammiferal in places amd containing in the shallovctr 
deposjts a v-cry rich malluscaii faitiia, together with the remaiiis 
of ftehes, crustacea, polyroa. eeh modernis. gorgoiiicK corak 
spongos and fotaniiiiifera. Intercalat ed with the sandy elays 
and maris are hrown coal deposita of a considerabie tliickne'> 
at Altona Bay and Xewport 011 the north western side of Port 
Phillip, Victoria. 

Tlie dlief fossils are: 1 * 111. = Halcombian; j. = Jnn ,h- 
kian : K. “ K aluminii 1, Lanata afieuiata. Ctirthttrodoit. ifega- 
iotiou* Atitria aitstralis (B,—K.s. Ancilia f>sa ititaustraiis ( fi_— 
K, ), Voluto h&utittoncsU. Fascioktria tamelfifcra, Ebiiruof*s\$ 
diilatoessa, iypraM antlwlfaata, C. tArimia (fi. and J A, Turbo 
itamiUoncsis, Pacten iijrirr<miHiijr (lh—K, i. Barbitlia callcf*ontc,y 
t H.—K.), CrmsatclUtes dcwuutfi ( It. and J. ), Cftomo Jautflfiftra 

"ClnqiuiSHi. I r ,, Pol, Hdlik. Ilriiisli Assnc. Aitv. Jsc,. pi>, .ajtf .iriJ 
400, 1914, 
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( P>. and j.}. Magcllania wiocnsis (B, and J.K Clypeaster gipps- 
landicus ( B,—K,), Echinolampas gambicrettsis ( 11 . and JLl, 
Placot rodius deltoideus (B,—K.), Flatytrochus vacuus, Bactro- 
ndta parvula, Ampliistegina ! esso ni ( [ 1 ,—K, most abundant 
in J.). 

JAN JI KIAN SERIES ( MIOCENE?) 

Tiiis is the most important o: Cainozoic senes, and in \ 'ic¬ 
to ri a. South Australia and Tasmania these are marine deposits. 
In Victoria at Spring Creek near Torquaj is the type locali ty 
and the series is there com]K>sed cf glaticonitic and yellow maris 
and polyzoal limes tone. The polyzoal limes tones and maris of 
Wanm Pomis, Moorabool River and Ratesford; Curlewis; 
Grartge Bum, Hamiltori; and Flinders, all of Victoria are re- 
garded by Cliapman as belonging to this series tliough Ha 1 i ir ’ 
differs from Cliapman ivith respect to some of them. In addi- 
tion there are polyzoal limestone beds at Mt. Cambier and Xulla- 
bor plains in South Australia and the clays, glaucanitic mar s 
and limes tones of Alditiga in the sanie State, 

In Tasmania at Table Cape near Wynyard there are fossi t- 
erous marine beds, Fossi ferotis maris of this age occnr also at 
Fyansford. Camperdown, Corio May and Rairnsdale in Victoria. 

The older deep leads of Y F ictoria probably represent terres- 
trial deposits of this age, also the leaf deposits of Bacchus Marsh 
and Maddingley of Victoria and Dalton and Gimning of XciV 
South Wales. 

The chief fossils are: Cetacea —Ziphius gcdougritsis. Pant- 
squalodon idlkiusoni, Fishes —Carcharodon aurindafus, Car- 
charoidcs totuscrratns. Mollusca —Spirulirosfa curta {onlv tuo 
other species known, and both from the Miocene, tjs,. S. bdlardii 
and S. boftncsi). Voluta maeroptera, Volutilithes anticiugniatus. 
Ebttrnopsis tcssclatus, Morio zorfsoni, Cy prora consobrina, C. 
phtyrhyncha, Ccrithium prit chordi, Turriteila septi fraga, Turbo 
dhridgei, FI euroto maria tertiaria, Spondylus gaederopoides, Pec¬ 
ten evrci, Limopsis insolita. Crassa fellites oblonga, Brachiopods 
—Terebratnla aldingae, Acatithothyris squamosa, Crustacea— 
Lepas pritehardi, Vermes —Ditrupa cornea var, seormbdiensis, 
Serpula ottycucusis . Echinoids —Cidaris australior. Caisidulus 
australior, Brtssopsis archcri, Eu patagus rotundus. Comis— -Fla¬ 
bellum distinctum, Ddtocynthus subviolo, Stephanotrochus tatei. 
Grapbularia senescens ( J. and K,}. Si>onges— Eciottetin r iirti'- 

15 Hali, T. S., p. 37 ,\, Hritish Assoc, Adv. SH. Rcport for l«>l 4 . 
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bcryi, ricctrouinia Italli, Tretocatia pczica, Foramini fera— Gyp¬ 
sata hoiechuti, Rotalia calcar, A w* phistcgiua Icssotui, Cycfocly- 
pctts pustulosus, Lepidacyclina toitrnottcri, JL. marginata, 

K.M.I MXAN SERIES (LGWER PLIOCENE ?) 

Tlie shell betis of Jimmy^s Point near Kalimna is the type 
Irscality. There arc two other deposits in Victoria with rich 
fatmas belonging liere. They are the yellow maris of Reati’ 
maris oit Fort Phillip and the upper beds at Muddy Creek near 
Ifamilton, 1« the deep bore at Sorrento approximateljr 155 fwt 
of rocks of 1 1 11 s age were traversed, Other areas in Victoria 
are at Shelforti. lower Glenelg River while in Scntth Australia 
tliere arc the Upper Aldriigan beds, 

The type localitv at Jitnmy’s Point has de-poslts formed at 
a moderate clepth ivhile thosc of Beaumaris and Muddy Creek 
ivere those formerl under shal lower conditions. 

The chief fosstls are: Celacea— -Scaldicettts «1 aegeei, Pltyse- 
tmion barleyi. Fislies— Oxyrftiita fmstalis, Galacocrrdn adimens. 
Ccslracion ctwwsoicuJt, Dtadun formosus. Mollusca — An¬ 
cilla papillata, f'aluta fuigetroides, f r . mastmi, Fusus gippsfandi- 
cus , X alica nnminghamnssis, Egi i sia triplicata. Dentalium largi- 
crescens. Pecten uufiausFrahs, Perna percrassa, Glycimens hail 1. 
Trigonia margarita ceti var„ acuticostuta, Rimet ta gifrbcruta, .\ftie- 
tra hantillonrnsis. Coral s—T rema tot roch ur c hir Irci, Xotophyllia 
gracilis. 

tVERHIKiMIlAN SIlRlKS (tTHSR FLl-OCEECE ?) 

Tlie shell beds of LLmestone Creek, Glenelg River, Victoria, 
fnrm the deposits in the type localitv. They contain a rich 
mi illo scan Fauna with a large percentage of ILving species. The 
upper bc-ds of tlie Mograboed vjaduct, Victoria, and certam 
cstuarine depnsits of the Murray Basiit belong to this sertes. 

PuEIST-oCEriE 

There are considerable thicktiesses of Coastal and inland 
deposits of this age, 

The coastal deposits are in the nature of dune rock and 
occur at TYeemantle in Western Australia, at Warmamboo-I and 
Sorrento in Victoria, and at Stradbroke, Moreton and Fraser 
Islands in Que-cnslaitd. 

The 111 latui deposits are of an alluvia 1 nature and consirler- 
able thicknesses occur in Central Australia, on the Darliiig 
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Downs in Queeiisland and et sevvhere. In South Australia lar "e 
areas are eovered with a nodular tufaceous limestone. 

There are remains of severa 1 genera of n»w extinct mars-u- 
pials iii these Coastal and inland deposits. Among these are 
remains of Diprotodoit, Nototberium, Thylacoleo., Thylacinus. 
Sarcophilus» Procoptodon, Palorchestes, etc. In additicii in 

Central Australia, South Australia and Queetislaitd remains of 

CcnyOrvis art lilcestOr d>f the emu sOme 13 feet bigh ha ve 
beer founri, 

RRUWN COAL HEPOSITS 111 

In Victoria tlic thickest brown coal cleposits known any- 
vvhere occtir. There are several extensive areas sueh as Altona. 
T,al Eal, Alberton, MorweU and L,,iTrolic Valley, 

The age of the Attona deposits is Oligocene, but the other 
deposits ha ve not yet been determitied in that respect, but the 
range is probably from Oligocene upwards* In one borc a little 
over 1000 feet deep, coal to an aggregate thickness of 78 r feet 
occurred. The overbtirden varies from a few feet up to 500 feet 
in the different deposits, 

VOLCAK1C ROOtS 11 

In Eastern Australia and Tas manta there are a great wealth 
and variet y of volcanie rocks, There is a natural t-hree-fol<I 
divisior of the se rocks there being an older and a newer series of 
bas-ie to sub-basi c effusioris while in betweert is a very remarkable 
development of alltalinc volcanie materiah 

The okler series of basic lavas and tuffs occur in Victoria* 
\'ew South Wales and Qtieensland. Iu Victoria 1 * the okler 
hasalt is eilhcr contemporari eous with the Jan JukiaTi, or under- 
lying, and probably po st-Ral corti hlan; or overlying the jan 
Juktati, and pre-Kalimnan. In New South Wales a large dcv-el- 
opment overlies leaf heds consitkred onco to be Eocene in ago 
but later evidence is in favor of a yottnger age for these beds. 
Iti Qucensland there ts no evidence available to fix the age of 
these otder series except that they rest unoonformably on the 
Jurassic beds. 

Tbe iniddle series of alkaline rocks extends at intervals frotn 
Cssterton and Colcraine in Western V r ictoria throtigh New South 

” Herman, H., Britidi Assoc, Adv. Sci. Rcport for 1914, p. 377. 

” David and Skeats, Fed, Hdhk.. British As-soc. Adv. Sci. for 1914, 

p. 

^Ctiap-man, R. Msm. Xat. Ilus. Mdboume, Xo. 5 . p. JJ, 1914 . 
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Wales np to Central Queenslaiul, a dista nec of over 1200 miles. 
The helt alon^ which these rocks occitr is characteri zefl by n 
mtrnber of dome-shaped hilis, in marty cases over 4000 feet hi^h, 
ofteti very abrupt and marking the site of volcaiiie necks, The 1 
nevver series forni eitlier extensive hasaltic plains or hasaltic and 
a«desitic plateam--, in some of the latter the fio«p lia ve an as^re- 
Sate tlnckness of more than 3000 feet. 18 

Interbedded wifh tbe flows in sonte place* m New South 
\ Vales and Queeiisland are eleposits of diatomaeeous earth, 
SJ-Qt/F.NCI-; OF FVENTS tPJ T tf F CVINOZOIC ERA 

In Southern Australia wbere the marine depositu of tlus 
era are fonnd it 3.1 believed that in Oligocene 30 limes the )and 
suftcred much oscillaiion, the climate behi" wartn-temperate to 
suh-tropicaL Durin g the Miocene there was a |»reat movemenr 
of suhsidence as sliown by the limcstonc series witb only oCCfi- 
siotial elevatioit wlieu votcanic outbursts took place, the climate 
prohahly beirt-'* warm-temperate. 

Elevation took place agriin in Lowcr Pliocene or Kahrmmii 
times sliell-baiiks and shallow water maris heing formed. the oli- 
mate proliably being sitnilar to the present one. 

hl Cpper FKocevle and Fleistoccrte times there is evklente 
of a cooler climate due probably to uplift. The eastern periphery 
of Australia vvas warped tip to sititu des of over 3000 fect above 
sea level, a tui in \ew Gnitlea the CretaCeOus to Plioceile strata 
ivere foliled inio mountains 11 p to and over 15,000 feet hijrh. fL 

A faciat age follovved 0« thtF and in the Kascuisko reginn 
tu New South Wales and the Western Tastnanian region rvi- 
deiice of lieavy glaciation exists. Centra! Australia at tliis titne 
probabl y enjoyed a iruicli more ramy climate than it has at pres- 
ent as the reinains of a fauna. which woulrt bc fonnd on plains 
with a jjood rainfall have bc-en fonnd in the ncighborhood of 
Frotue. Eyre and Callabonna. 

During the period wbeti glaciatimi took place in the Ko#- 
ctiisko regi-on (the Koscuisko period) New Guinea may have 
beell conncctcd witb Australia. Tasmania which was probahly 
separated off from Australia in Miocene times niay have beer 
fetinited agam dtiring this period,” 

1,1 Rkhards, H, C., Proc_ Rtyy. St>c- Quccnsbnd, igiG. 

^Chafktnari' Is Fcd. Hdhk. British Assoc. Adv, Sci-. \i 1914. 

ri David, T. \\ r . E,. Feci, Hdblc b Briti&h A^suc. Adv. Sci., p. ^ 87 , 

1914 

“David* T. W. E. Fed Hdbb,, Rriiish A^nr. Adv, Sci- p i86 
J 914 
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After the upllft had ceased subsidences connnenced and 
the rift-valleys of Torres Strait, Port Curtis, Bass Strail, 
Port PHllip, St, Vincent and Spencer Gulfs, and o! the west 
coast of Western Australia gradually developed. 

From the Koscuisko period onward canyon cutting has 
takcn place in the elevated Coastal portions of Hastern Australia 
and Tasmania, the divides being constant ly pnshed fnrther inland. 
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THE AGE OF THE TERTIARY SEDIMEXT3 OF JAVA 

Rv Du. K. Marti-V. Professor in the University of Leidcn and 
Ui rector of Ilie RoyaJ Oeolo^ical and Mineralojfical 
Museum of Leiden 

Triiiislalion and profator/ note by T. Wayland Vaughan 
i Prcscnterl at the requcst of ihe Committce on Program) 

U*rcf\itory npU\ Paleontologically ilie hesi known pan of the Ei>t 
Indic* is Java and for this Information gcologir* are under great oldi- 
gations to Professor Martin for the ycars of labor he luis devotcd to ihe 
subject. Rivem ly hc has suiumarizcd thc results of his iiiYcstignlions in 
a pa(HT cmitleri ‘'Utwerc Palacofcologi&ehr keimtnis v»u Java, mit cin- 
] citem! en ficniorknngcn uber ilic Gcologie d*r hisel/* 1 The importance nt 
this voltiine eam searccly hc ovcresliiiiated. The sectioiis of thc work arr 
as follows: Litcratur; Allgcmcincr Charakter der wichtigsten verstei- 
ncrimgsfidirerulen Sedimenta; Dic Lagerung der Sedimente in Verfoand 
mit Strandversbiebrnigcn und Flussystcmcn; Das Alter der Sedimcrue; 
Ocr Erhaltnngs^UStand der Verstcincmiigc» ; Her ILdiiUi* der j^vani- 
schcn Tertiar fauna utul seinc Bcdetmmg; Sy sternat i schc Uhersicht der 
Versteincrqiigcn; Ergaimingcu zur systematischen Ubcrsicht; Die wich- 
sttgtcti Ftmdortc der Verstemcrungen. 

An extensive revicw of each part of this publication would he 
appropriaie in cormeeticm v^ith this discussion of thc status of thc corr#- 
lation of thc post-C rei ace otis formations in the Pacific regioti, but to do 
that woidd uiididy pnoinng what is intended to bc only a succinet sunn 
mary P I am tberefore transLating the seetkm of thc paper cntitlcd "Das 
Alter der Scdimcntc." This is douc after Professor Martin informed me 
tbat it was not practieahle for him lo preparc a special article on thc 
subject and referred me to bis paper from wbicli thc present artteie is 
lakcu. This article ftilhlls the requirements of i his discussi on admiraMy 

I shonld like to eall attentiori to Professor Martin*® lucid presenu- 
lion ni thc difficultic* that heset thc correlatio» of the Javan Tertiary 
formations and to his emphasis of the wdl-grounded opinion that spectes 

] 11 Li'fT|iival TLtriMiiv are mure hiiibfuniui! Lli<m in regii ph> Mibicclvd 

to clinudir ehanges. Wliat hc smys regarding thc rclmion of species t>> 
bottom corclilions in :he sca is filso worlhy of careful conciderat ion. 

An error in thc tablc givin^ thc stratigrapliic tli&lriliution of orbi- 
toid foramini fera nceds correctiom Lcpidocyrtina tnantefli (Morton) 
Ciimbel has not been fonnd in deposits of Eocenc age in Ameticn t 
rcfcrence to a recent paper by Cushman 3 will show. The species h 
recordcd by Cushtnan from about loealities in the Vicksburgian 
(lowcr) Gligocenc of Mississippi. Alabama. and Florida* and ippears 
to bc characteristle of thc Mamnna ltnicstone whkh Is thc middlc 
formatio» of thc threc formations usualty recognized in thc Vicks- 
burg gronp, Donville^s Isolepidinn, of conrsc, has no nomenclato™! 
standing hccause thc type of it, Ltpidocyrlina mtititrlH, U the geno- 
type of GiimbePs Lcpidocyclina. 

1 Samnii, gcolog. RcicbsAIus. Leidcn, Beilagc-Hd. h pp. 4 pB. P 

1010 

a Cusliniail, J, A * The American species of Orthophragmina and 
kffridocyclitut: U. S. Geni Snrvey Prof, Paper 1^5-U. pp. 39-f05, pls. 
7-35- texM.gS, 3r T920, 
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Lepidocy clina s-j abundant in tlie uppcr Enccue of America, Species 
are known from ihc upper Eocene as follow: Nine from the Ocaki 
limestone of Florida and Georgia; one from the Jaekson formation 
nf Loiiisiana and Misstssippi (this also in the Ocah limes tone) ; one 
from the Island of St. Bartholoniew; and two froo the blatid of 
Cuba, A other spectes are doubtfullj* Eocene. AU the species 
cortsidertd ccrtainly Eocene are associated with Orthnpliragniina. The 
stratigraphic range of Lepsdocyclina isi America is freni upper Eocene 
to what is considered.the American equi valent of the Eitropean Aqui- 
tanian, whidt for reasons given elsewliere,* it sccrm to me> shoiild 
be dassihed as Oligocene. Grthophragmiiia is known to occur in 
America in strata of both middle and upper Eocene age. Cushman 
bas dcscribed species of the genus. Specimens of a mimber of 
ncw American species of Orthophragmina and Lcpidocyclina bave 
been collectcd since the manu seript of Ctishman p s memoir referrtd 
fn w r i< cnmplnterl.— T. Waylaml Vniighan ! 

Tlie determination of the age of the Javan Tertiary deposits 
is beset with great difficulties, whicli are diie in the first place 
to the fatinas of the deposits being entirely different from the 
Tertiary faunas of Europe. Furtheriliore the Tertiary palcon- 
tology of British India was and stili is very incompletely known, 
>o that it supplies no basis for making comparisons, Becausc 
of these conditions I attempter! to fix the age of the Javan 
faunas by means of the degree of their affinity to the living 
faunas of the Indo-Pacific region, particularly hy estimating the 
perccntage of Recent species in tlie different deposits, This 
method must give the relative age of the deposits with absolute 
certainty if the percetitage estimates can be made without any 
limitations: this, hovvever, is not the case: on the contrary, great 
obstacles stand in its way. 

One of the obstacles is the difficnlty of defining specific 
limits; another is that fossils can rarely bc identificd by the 
literature ou living mollusks, the most important group for per- 
centage estimates. It, th er e fore, becomes necessary to have 
recourse to the tiatural history collections for making compari- 
sons. and all the described species are not represented in the 
accessible collectiotts. Furthermore nrnch living material has 
lieen obtained by diletfantt, and the smaller species are only 
poorly represented, If the number of fossils is smaU, it is 
ohviotts that a percentage estimate possesses only limited valne. 

The vahie of the form of a species, ftirthermore, is not the 
>ame in the different groups of animals. a principle ilhistrated 
by the PHocene deposits of Sonde and vicinity. This is the case 
in a ntimber of genera of molluscs not merely in a singlc 

3 Vaughon. T. \Y., L T . S. Xat. Musiimi Itull. lo.i, (jp. 571, 1919- 
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instaiice: the simpler the general constmction of the sliel! of a 
gentis is, tlie more difficult hecomes morphologica! <1 j stinction oi 
species* \ species of Contis, for example, is leas certaiiily ileter- 
tttitled thifl a SpCCies of Voluta. The distributiori of genera !S 
in consiflcrable measure dependent on loca.1 conditions; Tiot oiily 
arc some ani m ais confined to reefs and others to muddy bottoni. 
but tliere are. in my opinirm* ori the coasts of the great islamls 
in the East I utiles numerous other locally different kinds oi 
environments that have not yet been adequately studied. Jt is 
proba hic tfiat the trans formation of species in different gene™ 
may not be accompUshed with cqual rapidity as lias already been 
made ciear m consiclering the environment. Among the different 
groups of animals therc arc specic-S w-hich. are very restrictied in 
the choice of their food, and these accordingly adapt themsdvcs 
to ehanges. in environment with more difftculty tban others and 
the re fore are transformed. Becausc of these relations the factet 
of a deposit cati i-nfltience the percentage of Recent speciei. 

The pcrsonal equation. which in the determination of spc~ 
cies is not to hc ncglected, plays m the investigation of the 
Javan fossils a relatively stnaH role because the critica! species 
of molluscs for the percentage estimates were almost exdu- 
sively described by ine. Any error due to that cause must there- 
fore be almost equally distributed over nearly ali the detern»^ 
tions and it. the re fore, becomes negligible. The rich oollectbns 
of the Ldden and British Museums serve as the basis for the 
compar i sons with the present fauna; the species are sharply 
fkfitled. 

Kotwitlistanding tliis the calculated percentage is not the 
sanie as the true percentage because the Recent faima of ibe 
region under discussion is si ili incompletely known, as any onc 
can judge from the later literature. This together witli the fart 
that not ail Specifically idetlttcal fossils can be surely reCOgriiztd 
as already describet! species, renilers necessaiy an increase of the 
calculated percentages, How this increase sliould be estisnattd 
ihere is no means of ascertaining; however, it should 1« 
eonstderable. 

Schepman has described from a Qgaternary deppsit t)f tlw 
Celebes a great number of mollusks, whose sltells are often bet- 
ter preserved tban ithose seen in Recent collcctions. It sliodd 
thereforc. be expected that ali the species would be living today; 
bnt only 88 per cent can bc irlentihed with living species. Ir tlw 
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Quaterna ry coral Jiniestone of Timor, lioettger fouud 84,6 per 
Vent of stili living species of mollusks. The Quat-ernarv of Java 
furnished 86 per cent, that of Grissee 90 ]>er cent of Recem 
species* AII of these numbers are incontestably below tlie trite 
])crcci itares, atitl for the tess well preserved fossi Is from tlie 
older formalioris this nnist be trtie to a stili higher degree. 

Wliile the percentages forni tlie starting-poiiit for tlie nge 
determination of tlie Javan Tertiary deposita, the orbi-toids are 
later ofteii utilized as being of first importance. 

Gfi mbel in his c Iassio investigations on the genus Orbitoides 
di videri the genus into fi ve suhgencra, of which four were &0011 
plac-erl by Meunier Chalmas (1891 i in Ortlioplir agmina, opposite 
whtcli hc placcd Lepidocy clina, the fiftli suligenus of Giimbel, 
OF the last genus, Giimbel knew 011 ly tliree species: L- mantelli 
(Morton), L. dilatata (Midi.), and £,. bitrdigalcnsis Giimb. He 
cited as not Kocene ortly L. ditata and probably L. burdigateusis ; 
the species of Ortliopliraginiiia ivere according to Giimbcl s pres- 
em&tion aliogcther of Eocene age; and be referred L. tmnie/li 
to the tipper Eocene. Yerbeek in 1896 proposed a fitrtlicr sep- 
aratton beuveen Crthophragtnina (uicorrectly called Discocyclma 
by himj and Lepidocyclina anrl was of the opinion that in Java 
the former oecurrcd in tlie Eocene and Oligocene, the Iatter in 
»11 AMocene and Pliocene strata. The occtirrence of Onliophrag’ 
mina in tlie OHgoccne and of Lepidocyclina in the Pliocene of 
Java has not been corroborated; the age of the strata concemed 
w*s not adcqtiatcly known to Yerbeek at tliat time. 

H. Douville in i8q 8 reached the conclusi on that Orlliophrag- 
mina vias known only in the Eocene, Lepidocyclina with cer' 
rainty only in the Oligocene, and certaiuly in the Tongrian and 
Aquitaniam tbe liat ter of which was later coiisideretl by him and 

others as okler Miocene, The lafest iuvestigations lead Douville 
10 the conclusion regarding this matter that Orthophragtuina and 
Lepidocyclina are not mutually exclnsive and that in regard to 
their vertical distribution there are geographica! differences. Ry 
combining the data Container! in liis different papers the folltm- 
injg stimmary for the Tertiary eleposits has been eonstruci ed: 

A. Disrocyclina Giimbel: Eocciu' 

11. Asterodisctis SdrafhiUitl: Eoe cite ; 
in America, lowcr Olinocene, with 
Lepidocyclina 


Ortlinplirftyminn: Principal tlevel- 
>1 t|>iticnt it» ilie Enecti e; scliluin in 
Lilder Oli(nn‘ciK. 
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TstticpidiiUL Peiuv.: ngipcr Comic, 
imly in America (I. mantelli) 

1 >. tiulcpridiiifL i>i)uv.: Olijfo^eiie tnp- 
|itr Sianipiaii I aml principaily 
inwcr Miocenc < Aquitaniam). 

R. Ncplirolepiulina lJouv. : Qljgocene 
( Slrunpinn ) und low«r Midi^ne 
(Aquitu nism jmrt BlirdijpdiHn’) 

l\ riiilokpidina Dom.: Oligpccn? 
i 8tam pian); cwlIy j:i TrinitUtl, 

Tt is strikinj; limv riearly tliesc rcsults approach tlie opiitiuri' 
of (>iimbel and agrec willi the view cxpressed by Sacco in 1<50V 

"Yoila, jXHirqitoi, bien que lechelle stratigraphique propuace 
par certa in s auteurs, a savoir que Ics Qrbitoides f .st. s. I soifiit 
limitet* au Cretaee, \v$ Orthophragmina a 1'Eocen^ les 
myelina a 1 'Oligo-M incene, tandis que len Mingypsinu seraient 
caracteristiques du IVtiocene. solent altravante, je ne crois. 
quati realite celte distributiori chrotiolngique. acceptable iicnr 
certa(nes regio ns, soit vrate eu generab car les OrthophregiMnei. 
r emunient jusqu a Oligocene, les Fepidocyclina se develappe 111 
de 1'Eocene au Mioceng, et les Miagypsinn paraisstmt ileja Iros 
abonda ntes. datis l"£occne et vivent peutetre encore dans les uter* 
actue]k , s.‘‘ 

I mvsel f ha ve pointed smt with re fe ren ce tn tlie Z!xjj;tn* 
graphical prnvinces of Tertiarv time and in that coniiectinn 
i-mpliasized ibat orbitokls in tlie Tmpics can extetid s-tratigraplu- 
adiy liiglier than in Europe. The Eurnpean relatione can mi I* 
-iniplv csirned over to the region -of the lndian A rei i i peto go. 
Eurtliemiorc tlie orbitoids must he cons-idcrcd in conjunctio» 
tvi:h the etitire fattna of tlie strata concernerl, and onlv as the 
age of tlie sirata is defiant e ly determined can the vertical distn- 
bntiou of these Foramini fera be made ctean 

Tlii> is mu- ftir die Eocene, pariicularly for tlie upper 
EoCftv. 1 Niinggulau betis. and similarly for the old Mioccitc 
Rcuikang heds, in wllicli au agreement vvis reaclicd heteveen the 
age determinat ion based ii|K>n the Mollusca and tllflt based ilpm 

t he Foramini fera The Xanggiilan and Rembang; beds represent 
the mos: imponant horizon* for the comparison of tlie Javan 
and Kiiropciin Tertrary forni at ion^ 

' 3 ’ltere are at present knovrn in Java from the Eocetie only 
tliret syiccics of Crtliopliragmina. of these two occnr in tlie 
iipjier Enceno X anggnlan: in «mrast fovirteen species of 
I,epi<locvc 1 iiia lirtve been deseribed from Java. Eifjht of these 


Lcpidociclina: Principal deni- 
opinent in thr oldcr Sliiwxnt. 
silso in tlw Oligocene -nati 
ijoin in Lui^r l^nctiie. 
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species of Lepidocy clina come from the olei Miocene Rembang 
beds (Aquitanian), and of them se/en belong to Eulepidina and 
one to Nephrolepidina. They are accompanied by mtmerous 
individuals of Cychclypats annulattis and C. communis, and 
Associated with them is Aheolinetla (Floscutinclia) bontangensis. 

Those beds whtch contain hotli Lepidocyclina and niolhisks 
nni fornily contain a similer peroentage of living species than any 
of the other Xeogene sedinients. They belong together as 
regards time, while in the uiKlonbtedly young Miocene or cer¬ 
ta in ly Pliocenc beds of Java no orbitoids ha ve yet been observet!. 
Tliis bearx uut tbe assuinplion that u similar slraligvaphic value 
is attributable to Lepidocyclina in tlie Indies as in Europe. 

On the whole there is argument in the vertical distribntion 
of tbe Javan orbitoids with the occurrence asswmed for Europe 
by Dou ville; and for the foramini fera especially there may be 
recognized parallel lines of developniem in Europe on the one 
side and in tbe Indies and neighboring regious on the other: 
biit in certain cases the cqmparison between these vvidely separ- 
ated regions does not hold, as 1 have already pointed out. 

This general agrecment h expressed by Rtitten in his sum¬ 
ma ry of the vertical distributio» of the foramini fera, to whidt 
be adds: "That we can on the basis of the foraminifera divide 
the India» Tertiary onlv into large groups, and the foraminifera 
can not yet be ntilizerl for refined subdi vi sions.” 

As an example, if the Xummulinae of the Natiggulan beds 
are considered alone. no decision can be reached as to wdiether 
the sediments should be referred to the Lutetian or to the npper 
Eocetie. while the upper Eocene age can be deduced from the 
mollusks, Stili more striking is the comparison between the 
West Progo and the Rembangs beds. tlie former of which pos- 
essses by far a srnaller percentage of living species than the 
latter. In contrast to diis, if a conclusio» is based on the fora- 
minifera. ;he West-Progo beds could not be older than npper- 
most Aquitanian. or even Burdigalian, while the Renibaiig beds 
according to Doviville probabty belong to the middle Aquitanian. 
Judging from the nioJlusks. the West Progo beds must be 
referred to the older Aquitanian. 

It appears to me that in tlie study of the vertical distribu- 
tion of the Xummulinae, the facies of the deposits is enttrely too 
nitteh negiected, and tliis is particularly true since it is estab- 
lished that these animal? react with unusual rapidity to changes 
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in eriva ronment, without referende to their general occurrCiv^- 
At ali evcnts one mu st be cautioncd. that the older Miocene ot 
the In dies on the basis of the foraminifera according to the 
European time scale may be divided only into A^uitatiian and 
Burtfigalian. Furthemnore, eyeti the mollusks fu misti no certaii 
criteria; for the perccntage estimates until now warrstf ^ 
recocti itiou of only the principal subdi vi sions and stages of the 
Tertiary for matiori. For the recogtiition of the&e principal sub¬ 
divi sions, however, I rnust place a hjgber value on the percenta&c 
estimates than on the comparison with the occurrente of tte 
foraminifera in Europe, cm the assumptioti that the difficultira 
emphasized in the beginning of this discussio n are not tinder- 
estimated. 

From the consideralioti of the percentages of livirg species 
and the mutual relationship of the f a unas, the folio w in g fiun- 
inary of the principal known Javan deposits is constructed: 

(JUATEWNABY 

Viciniiy of (Jrisscc. 30 mollusks; 90 per cent stili living. Specimen 1,1 
frcsh conduion. 

StibsurFace of Ratavia, up to 6 me’crs deep. 23 species; 86 per ceftt slul 
livinp. State of preservat ion very fresh. 

Trintl. Vertebrate remains.. fresh-nvater mollusks, ilrifted Innd siuih 
Probab!y Imvcr Pleistoccne ( J ’imteres Diluvium"). 

rr.KJCfiXE 

SonHt. r^o mollusks; 53 per cent stiS! 1 irine- 11 cor ais; P* r 

cent stili living. 

PAdiiS Malatig, eaM «f Sonde. 19 ccrah; 64 per ce-nt stili living 
Penglcol. east nf Padas Matang. 39 corals: 64 per tent stili living. 
(The Sonde. Padas MaUnp and Pannknl heds are of the sanie aff-l 
Faagfca. t 8 mollusks; 61 per cent stili living, 

Tji Djntljar 34 imillnsks; 56 per cent st iit living. 

T/I MaiU jnirili, 45 mnlliisks; 55 per cmt stili living. ( Tlicrc is f*™* 
but nr>t very nuith doubt as to whtthtr ali the specimcns wr f f m 

plucc.T 

liVsiled in Mmengteng Kay. 74 mollusks ; 54 per cent stili living S«r- 
f-acc :it Rata vio, 74-9? nioicrs deep. species, of wh.icli 31 * fC 

itioltiisks : 53 per cent stili living. 

Cionung Gocnbel. 39 motlnsks ; 51 per cent stili living. 

Tjikeus.ik. 57 mollusks; 51 per cent stili living. 

YOL Kfr MlOCE.Vli 

West of Parungpontcnp. .V! mollLisks ; 45 per cent stili tivinj. Very 
nearly rclaictl to llic fatmn nf Tjadasngamptir: iliercfore. ivoi 1* 
be eo-nsidered Ptiocenc. 

Tji Odeng. 37 mollusks ; 43 per cent stili living. Nearly relatfi t* 
tbe typica! ytrang Miocene fauna, 

Palabuan-Rati*. 26 mollusks'; 3S per eent stili bvmg. Rclationship 
with the typica) young Miocene faunsu 
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Xgeinbak. Limestone with fish rcmains. On the surface of the foh 
iawing bed&. [In an excavationi. 

Ngambak, depth 6070 melers. 13 species, ie of them mollusks;, 38 
per cent stili living. Reference 10 the Pliocetie exduded by the 
stratigraphic rdations. 

Surface at £atavia h depth 105-180 meters. 3 6 species, 34 of them 
mollusks; 36 per cent stili living Taken from the sides 0 i ex¬ 
cavat ion s. 

Tji Lanang. 122 itiollusks; 34 per cert stili living. 

Liotjitjangkang. 13 species, 9 of them corals; 33 per cent stili livtng. 

Re«f facies of the TjdanaTig beds, 

KaK Tjemoro. 21 mollusks; 33 per cent stili living. 

Locality R of Junghuhn. 48 species, 42 of them mollusks; 31 per 
coit stili living. 

Tambakatti. 27 mollusks; 30 per cen: stili living. 

Tjilintung-AngsaTia. 24 mollusks; 29 per cent stili living. 
Tjadasng.impar, cast of Parnngponlcng. 71 mollusks; 27 pe* tent stili 
living, 

OLP Ai:OCENE 

Xjalirdung. 97 mollusks; 2 i r 6 per cent stili living. Induding $ome 
corak, 102 species; 21.5 per cent stili living. The fauna shows 
very considerable difference fron that of Tji Lanang. SmalE 
Lepidocydina and Miogypsina. 

Tengalsari at Nanggulart. Globigerina sediments and coral limes tone 
with Lepidocyclina (Nephrolepidma) and Miogypsina. 

Rembatig. t 59 mollusks: 16.9 per cem stili living. The rich forami- 
niferal fauna entirely extinct. Many Lepidocydina (most abundant, 
Eulepidina; next in abundance, Nephrolepitlina) and Cycloclypeus; 
also Alvcolinella. 

Batu Kutjing on MaduraJ Beds rich in foraminifera which arc the 
Locality Q of Junghuhn.f ^ame as those in the Rembang beds. 
Loca liti es E and S of Junghuhn. Rock with Cycloclypeus neglectus 
and Lepidocydina (Eulepidina), 

West-Progo Mountains. 103 mollusks; 6.8 per cent stili living, Kumer- 
ous Miogypsina and Lepidocydina (most abundant, Nephrolepidina; 
Eulcpidina rare), Cydorlypenus (isolated), and Alveolitidis, 
Mgcmbak, 104-IT2 m. deep. 21 species; ift of rhem moUiisks. 

Subsurface of Gri&see, 19 species, 16 of them mollusks, 

(In the Xgcmhak atid Grissce heds tio species is ecrtainly known livinti; 
Lepidocydina is present and the fauna shows affinities to that of 
the Xeogene.) 

Reefs of Radjamandala. locality of Junghuhn. Area of the Tjilanang 
hfdsr Xumerous Lepidocydum i Eulppulimi) and Hctemstcgma; 
abo Cycloclypeus. 

VPPFlP EOfl-NIR 

Xangjfulfin, 142 species, L36 of them mollusks; notie now livmg. 
Kummulites and Orthophragmina numerous. 

In the foregoing summary the beds are grouped according 
to the percenUge of stili livmg species simply corresponding to 
decrease in the number; but it scarcely need be emphasized that 
by this method no refined subdivision of the Tertiary deposits 
should be undertaken. Only the chief divisions and stages of the 
Tertiary formatkm come, as already noted, under consideration, 
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while for further subdivi sion the prdiminary erit eri a are lacking, 
Even tbose members above mentioned can not be recognized 
with f ili II assurance for each of the localities listed without 
additional criteria. 

For the definite determination of the horizon s represented 
at tlie different loealities I took the best ktiown beds as index 
horizons, so that the others might be groupcd with them not 
ae-corcling to the percerttage of livirlg speCies alone but aUo 
according to thcir othcr faunal characteri stics. The index beds 
are: the upper Eocette of Nanggulan. the dd Miocene of Rem- 
bang; and of the West-P rogo M-ountains, the yonng Miocene ot 
Tji hanang, the rtiocene of ponde, and the Qnatemarv 
Grisjitee. 

The discriminatum of ali the otlier beds from the Eoecne 
of Xanggulan was easily made^ as that depJsit possesse^ «i 
faima of eniirely characteristic aspect; but it may appear strangv 
that the deposits from the substirface of Ngemhak and Grisset 
are placeri in the ^liocene instead of considering them Qligncene. 
However, tliere is no affinity with the Eocetie in their fauna. 
except a very uncertain Dentalium, while ther-e are affinitie> 
with the Neogeiic. Since this does nol correspond to what nraii^t 
be cxpected of Oligocefle seilitttefttS, it wOuld be illogical to 
refer them to the Paleogcne and contrait them with the un.- 
rloubtedly Ncogene. That living species liave not yct been 
fournl may be an accident, since the miniter of avaikhle speci- 
mens is srnali, Besides this there are presetit aniortg the speci- 
mens, relati ve ly many small, vn part very minute fornis., wflich 
are knowii ortly in the strata now being discus sed and they are 
miusually difficult to compare vvitEi other fornis, 

The Xjalindiings hetk are also separa ted from the yonng 
Miocene on the basis of ihcir faunal differetices; and the calcu¬ 
lat edi percentage of stili living species is not mti-ch high-er than 
in the Rembanff beds. If they were considered alone. separatior 
from the ytnmpf Mioeene of Tjadasngampar would scarcely lw 
justi fied. 

The sediments of Tjadasngampar niust be comidered as 
belonging with those wcst of Parvmgponteng ; they together 
represent the extreme percetitage {27-45} estiinated for the 

young Miocene artd belong to tlle sitii e CoiUplex beck. a conclu¬ 
si»» with which the elose affinities of their organic remains 
harmotiize, AVithin this complex there must be somewhal dif* 
ferent ages, even if sharp separatior, jrito beds is not attempted. 
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Althcugh the sedimenta discussed above, on tlie one hand, 
can not be subdivided on the basis of their contained fossils, it 
is stili more difficult on the other hand to discriminate between 
young Miocene and Pliocene. VVithout knowleclge of the strati- 
graphic relations this can not be done with certainty: because 
probably there is complete cantmuitv between the Miocene anti 
Pliocene fannas, and in places also between the sediments. It is 
obviously necessary even without a sharp Hne of separation to 
assume time differences in the sediments, althoifgh the boundarv 
can be placed only approximately and somewhat arbitrarily. 

That I designate as Miocene, sediments which contain 45 
per cent of living mollnsks, may raise donbt. especially when this 
estimateri percentage, for rea sons already stated, is appreciably 
below the real pcrccntagc. In reply to this it is to be emphasized 
that in similor Neogene sediments of Europe and the Indics the 
depostfs in the lattcr region mnst contain a hi git er percentage of 
/it ‘ing species than the former , This is because there was during 
the Tertiary time important chmatic changes in the extra-tropical 
regions while no such chatiges took place in the Tropics. In the 
Tropics, acconlingly, there wcre fewer factcrs which woitld 
modify the species and. therefore, the transformatio» of the 
fattna in the Tropics dici not take place so rapidly as in our 
[Hnropean] region, and, consequently, more species have per- 
sistetl imtil present time, The yoimger the strata are. the 
larger nutst be the difference in pcrcentagc for equi valent strata 
in Europe and the Indics; preci se vahies for these can not be 
given. 

In the foregoing disciission should be given the basis for the 
age determinations in the preceding summarv and in- the fol¬ 
io wing section, which presents in detai! the particular localitie*. 

The stratigraphic relations one to another of the beds above 
considered obviously are only cxceptionally known. The paleon- 
tological investigations can only rarely be bnought into con- 
junction with the stratigraphic studies, a misforttine which 
aincc the stitdy of Junghuhn's collection makc* itself ateadily 
felt and the difficulty of the work is obviously increased; because, 
therefore, almost every locality required special treatment and 
age-determinatiom That this is so'is due to several causes. 

It mnst next be pointed ont that rarely have iuvertebrate 
fossils been hitherto systernatically and intelligently collectod 
in Java; this statement applies to the so-called geological survev 
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of Java, which cotnpletely negleeted even the important, ricbly 
fossili fcrous Eocetie sedim-etits of Nanggulan and collectioni 
from those deposLts were mostly brought together by laymen 
The incomplctencss of the collections are probably related to the 
above-noted petrographic simitarity of the sediments from the 
different divisioris and stages of the Tertiary format ion, How 
.should onc vvho ktiows m> fossi Is b e able to decide what beds to 
sclect for detaileel ColleCtittg? Not oilCe cin the flld and the 
young Tertiary strata bc distinguislied in the field wLthout 
knowledgfe of the fosstls, atld Stili leSS MiOCene and Piiocene, 
For this reason Verbeek was not able to subdivide the Neogvne 
of tlie island. 

The elevat ion of the islaml stnce Miornie time re tuiers inore 
di fricuit the recogniti on of the straiigraphic relations. The 
sediments follow une another m tlie momitains of Java, is 
evplaiticfl aliove, sin ce Miocene time in a descendi ng order, in 
sudi a way that T getmrally spcaking, the younger deposits were 
always laid (loivii at a lower level than and seaward of the 
olclcr, so tliat consequentiy the areas of outcrop of the succes¬ 
sive beds are narrow. Aocording to my per.sonal experience tliis 
is really the case. For mstance, the interrelations of the strata 
uF the old Miocene Njalmdung beds and the typical young Mio- 
cene Tjilanangs bcrls can not be established, because in the 
regioii of Njabdung and Tji Lanang only one of ihese groups 
of strata is developed, 

Kemmerlmg annotinccs that the Tertiary of Java h charac¬ 
teri zeel by “ineonstant strata.” But when he contends that older 
and younger strata can be distmguislied only on a basis of their 
jitratigrapliic relations, while fossils from places which are not 
in Atratigraphic connection suffice only for guesses as to their 
age. this slionld, taken gencrally, itnply an extraordinary under- 
rating of paleontology. Probably the opinion is intended to 
apply only to the fi ner subdi vision of the Tertiary forma tion. and 
Itcrc stratigraphy should render a great Service. 

Ftirthermore, the first word on the determinatio h of gcoloi?- 
jcal age of the sediments- is spoken by paleoutology, and the 
geologists of the Indi es will never arrive at a reliable subdi vision 
of the Tertiary strata if they do tiot have the support of sbilled 
I>aleontologists. 
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Stratigrapkic and palcontologic investigat ion s slwuld go 
hand in hattd in the Indies aj ivcli as in Europe, 

First of ali the stratigraphic relations In the strongly foUled, 
tow-lying region of northeastern Java slionhl be stuflied and 
consideration given to the contained fossils. 
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NOTES OX TERTI ARY DEPOSITS IN SUM ATRA. XI AS. 
BORXEO, CELERES, TIMOR. AND OCEANI A 

Rv T. VVayland Yauohax 

The following notes on East Indian islands are taken from 
the papers Iisted below. 1 No attempt was made to go tlirou^h 
the Hterature thoroughly. Martin gives a good summary in his 
third paper of the list and Yabe sitmmarizes the Information on 
Rritish NortK Romeo. 

sum ATRA 

In Smnatra Tertiary strata are present as follows: 

Upper Palembang beds (later Pliocene?) 

Middle Palembang beds (older Pliocene?) 

Lower Palembang beds (later Miocene) 

Old Miocene, the orbitoidal limestone of Auer, is prement, 
and there are local deveiopments of Pliocene. Except Eocer.e. 
which appears to be absent, the succession of Tertiary sedimen? 
in Sumatra is similar to that in .Tava. 


nias 

Martin cites Douville as authority for the presence of 
Lutetian Eocene in Nias. The Miocene format ion s range in age 
from old Miocene (A quit ani an and Rurdigalian) to the begiil- 
tiing of the Pliocene withoi.it any stratigraphic break. Lepido- 
cy clina sumatrensis Brady is found at a number of places in the 
old Miocene. Sediments at Dahana are on the bonndary te- 
tween Miocene and Pliocene. 

uOR \ eo 

The Tertiary depostts of east Romeo range in age 
Eocene to Pliocene. In southeastern Borneo the Eocene cov*r> 
a rather large area, The Eocene sediments contain Orthophrag- 

3 Tckv. H.. rmt! Murtini. K,> Over Tertiaire eu Kwatairc vormiffvnt^ 
het Eitmd Xhisi S^niml. geo! r Rdchs-Mus. Leideti, ser. i. vol 8* pp. ifcp 
-'5^, pls. r4-1 ajoy; Martin, K.. Palaeoxoisdie, mesQjtoisiche un<l 
ische Sedi mente ;liis swlwestlichen New-Guinea: Ibid r> vol, 9, pp. 84-10-7 
|il. 8 t igii; Miocninc Giidtrppodcn von Ost-Romeo; Ibici,. vol. 9, pp. 3* 
jjti, i 19*4: Wjiini Inste sich das Gebiet des irtdiscben ArcJirpcb 

vmi der Tctliys: IhuL vol. y. pp. 337-355, 1914; Rutten Stndmi iM 
I'wjitti ini femi iin* Ost-Asicn (Fort&euung) : Ibid,. vol. 9. 9 pp,, 2^» 
1915: VubtN H._ \oifs dii a CdrptnifHa-hmcsuvne fmm B. \. Roitif"; 
Tnfrnkfi Isnp. Gim. t^ci. Ri-pts +H vol- 5 * PP* 15-30. pls. 3-5. 1018. 

I 7 <*> I 
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mina, Nummulites. Operculina, and Calcarina, an assemblage of 
genera ideiitical with tliat found in places in the Eocene linie- 
stones of the West Indies. 

The followingf tables are copied from Yabe. Table t is by 
Rutton; Table 2 is by Douville, based 011 foramiuifera collected 
by Duxtorf. 


T.llil.E I, VEkyrC.il. UlSTKirUltOX f>K yiJHAM IXIFES.l IN JAVA 


[Clay of S(f. Boesoc near Kotitanjc, with Operculum complanata. 
Rotalia schroelcriaiia, Rolyjtomelh ■ cratirttlata, Calcarina 
Plioccnc ^ speitgicrL 

Mari of G. Matlocpar ticar IfontanK whli Rotalia cf. pttpillosa 
— 1 and Operculum ctnnplauaht. 

Mari nf Sg Gdingsrh (Sangkoelii-anp) with Cyeloclypcus 
annatatus, Cr communis, Lepidocyctina glabra, L . angulosa. 
Opere, complanata, Amphist. sp.; Mart of Tapiin Langsat 
(Sg, BoengaJocn) with Miogypsina irregularis, L. ferrtroi, 
P&tysi. rraiicutotfGypsi mt globulus, Amphht, lessoni, 
Opcr, complanatu, 

Luuctfoiie of S g r Gdingseli with Cyetorlypeus. Lepidocytlina r 
Amphistegino, ;md Operculina. 


1 oiingcr 
Mioccnc 


Olrffr 
M ioetne 


Mari of Sg. Memawir fbalik Papan) wiih Lepidocydina glabra, 
\ 9 L> angulosa, L* sumairensis var. minor, Miogypsina poly¬ 
morpha., 

Mari and linies tone cf bontanft with Miogypsina bifida, L. 

ferreroi, L. glabra, angulosa, L . sumatrensir var. u*k- 
bilicata, L . flexuosa, and L. acuto; further Alveolinelh 
bontangnisis, Cycbclypeus communis, Gypsino globulus t 
Rotalia beccarii, HeUrostegino depressa, Qperenlina com¬ 
planata and Amphistegina sp.; Mari and limestone of 
Boengnloeu with Xfiogyps. bifida; Mari nf Rilik Pnpfin 
fSg. Blakin and P<h:1oc Balatig) with Miogyps. thecidac- 
formis, L acuta* L . flexuosa, and /-. ferrorei l L, sutrn- 
treusis vnr P inornata, Cycloclypeus communis r Alveolinclla 
bontangensis, Gypsina globulus* Operculum complanata and 
A m p ti m trp ina lesso u i r. 


Oligocene 


Mari and Limestonc of Sg. Fatmloean with L. formosa 3 L . 
inflata and L. sp.; Limcstone of the sutith of (1. Kadango 
(Sg. Boctigaloen) with L, insufaeuatatis, L. cf. mnnieri/ 
Spiroctypcus, Operculina , * I mphtitegina, Carpcntcria cf. 
ca ji ai dt , (jI ofrrg c ri 'n p. 


Eocene 


Limcsunio of G, Kadingo with Ortfwphragmina and Xum+ 
m u lit es. 
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TABI.I; 2. DIVISI0X3 OF THE BOBNEAK TCRTMRV’ DEPOSiTS 


. 

States 

i 

Siratigraphical 
cHvisions 
by Buxtorf 

Fossils 

Hi-, religatum 


1 

Snnd and day 

Lcpidorycliua tournvucri, L , J«- 
matrensis . Miogypsina, Opertv- 
lind niasi 

Aquitanian 

lippe r 

1 

Upper mari and 
limest nne 

L. insulac-natolis, Spirae lypevsor- 
bitoideus, Sp. pUurocentralis. 
Hetcrostegina ttuirgarilafa, Cy- 
cloc. communis. 

MitldJu 

1 

Mar! with ftint 

1 

L insula t-na talis > Cyclcc. cam- 

mimis, Hcterostcgiaa. 


1 Lower , 

SZ,, formosa, Heterostegim, Afcto- 
■ Ii na. 

1 f 1 _i Ji ♦ ■ 

Stampfcm 

i 

! 

Aiiuuic iimcstone 

1 

1 

L , formosa, Nummulitcs sub- 
brongniarti 

Satinoisum 

1 

1 

i 

___ „1 

1 

Lower jand aiul 
mari 

I 1 

1 ! 

V snhhronguiarti, Heterostejiiiw 
reticulato, Orbiiolitcs marUni, 
Opere, complanata. 

Bmonion 

"l 

_! 

Orih op hrag mina prati i, Opere, cf. 
ommenta. 

Lutet ia 11 


!Lower limesionc 

Qrth. jrtiatii f, 0 „ omphafoif, 0. 

stellato, Hetcro. reticulata* .V. 


biamtztnSiS. 


On the islands Balambangan and Ranguey. north of Uorneo, 
there are, acoordmg to Rutten, sediments as follovs: 

Flio-Pleistocene 

Miocene. s. str., with L cpidoc ycltna, Cycbclypcns annata¬ 
tus. 

Mio-Oligocene, with Lepidocyciitta, Spirociypcus. Hctcro- 
stegina, Opere uiina. 

Eocene» with Orthophragmno. 

CELEBES 

Eoccnc is tiot known to bc prcscnt in Cclcbcs, but ther* 
is in the island a large development of Tertiary deposits of 
ycunger age, Miocene and Pliocene. The older Miocene yields 
Lepidocyclinc and Miogypsina, The Pliocene sediments in tl ,e 
region of Gorontalo are the equivalent of the Fialarang Fli°' 
cene of Timor, 
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TliHJK 

Tji this island besides -Eocene and older Miocene, Pliocene 
is present over extensive areas in the interior Fossi Is are 
abundant arui well preserved in t!ie Pliocene deposits and the 
njre is, therefore. reliahly rletermined. 

NKW CUISKA 

On the basis of foramini fera Rutten has reeognized in 
New Guinea sediments of Eocene, Qligocene, old Miotene, 
late Miocene. Flioeene, and Quaterilary age. The deposits 
were predominantly laid down in shallow water but some of 
the younger beds were deposited in deeper water but near 
the sbore. 

OCEANI A 

I have foitnd on the paleontology of Qceania virtually no 
literature on which correlations niight be based although fos¬ 
sili ferous deposits of probably Tertiarv age have l>een reporter! 
from several localities. the Soloinon 3 and Fiji 3 islands for 
instance, but the fossils. mostly foramini fera, liave not been 
critically studied. David, iti a preface to Andrews*s paper 
referred to, mentions fora mini fera! “forms like Ampfiistegiita, 
Globigeriva. and Tiwiutaria" from tbe ‘'bedded-limestoncs” of 
the Singatoka area. Viti Levu, Fiji, and Charcarodon teetb 
from Walu Bay, in the sanie island. On the Solomon Islands 
there are pteropod and foraminiferal limestones. 4 

There appear to be Tertiarv sediments of Eocene age in 
New Caledonia. De Lapparent reports on the anthority of 
Douville a limestone cotitaining Nummulitcs and Orthophrag- 
mitta* which he correlates, without sayingj whv, with the 
Lutetian of Europe, and he States that deposits of probably 
Bartonian age are also present. 41 

“Andrews, E. C„ Notes on the limestones and generaI geologv cf the 
Fiji islands with special reference to tlie hau Group: llarv. Coli. Mus. 
Coinp. Bull., vol, 38, pp, 1-50, 40 pls., 4 text-tigs., 1900. Marshall, op, 
cit., p. 23 . 

1 Marshall, P. f Occaria: Handb. region. Geo!., vol 2, pt. 2 , p. 17,1911, 

* Marshall, P. op. cit., data from H, B. Guppy, 

'DeLspparent, A. t Trahe geologie. 31! td.. vol. 3. p. 15.tr, 1906, 

* DeLr.pparent, A„ op. cit,, p, 1544. 
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ERIEF STATEMEXT ON POST-CRETACEOLS FORM V- 
TIOXS IN THE FHILIPPINES 

By Warren D. 'Smith 

i 

p 

Afl has l*eti poinfed ont by many investigators, at this 
conferente and elsewhere, the essent ial unity of the Pacific 
Basiti is well estahlisheri. We woulcl like to point out an ad- 
ditional fact; namely that if the globe were flattened out, the 
westem Coastal margms of the Americas and those of easteru 
Asia would bc seen to fall into ane line, and that fatrlv 
straight, so that really Western America and eastern Asia arei 
on the sanie side of the Pacific. 

A re vi sed chart .showing the genera I slratigraphy of the 
Plii lippi ne Islands has recently been prepared with the as- 
si st ance of Dr* Roy E. Dickcrsoti who has bccti making in- 
vestigations in the Islamls. From this chart the following’ 
table has been constructed, (See Table 1.) 

As Java is the nearest region in which detailed work has ; 
lieerc done, we take from Vcrbeek and Fennema 1 the following 
stratigjaphic column, which will reveal at tmee the close sim- 
ilarity between the two regi otis 

STRATEC.RAPH Y OF JAVA 
(Bcgirm itig nt the bottoni) 

]. Aryiikicvon* jicliisls, quartzites willi quartae veins. wuhout petrLfaction 
(schists of the Canmuon diawa)..„„.«,,Agc ? 

2 . Schists with $erpemmc h miesu dilorite* and argillaeeous matcnal. , 

quamites, some calca reovis beds and interposed silis of eruptive j 
rocks, tiiabase, g^bbro* quartz porptiyry.........«....«Cretaceous 

3. Cray qnartzose argillites with beds of coals, breccias of diabase, quartz, 

etc., conglomerat es of quartz and grani te p maris with alveolines 
and limestone with nummulities..........Lower Tertiary or Eocene 

4. Emptive rocks in the preceding stage p the oldest andesdes, with :he ; 

character fi of diflrites and diabas*,. T ..Lower Tertiary. Eotene 

5. Temne of Nanggoulan------..-...«..........^...Oligocene 

6. Erupti ve rocks at the base of the Miocene, ■ 

7. The Lower &tage of the Upper Tertiary, called the ^Breccia Stape," 

eomposed of breccia of erupti ve Tertiary rocks with grits p shales, 
with sotne mari and beds of limestotie....«Lower Miocene 

8. Eruptive rocks of the prcceding stage.«........ .........Lower Miocene ] 

9. The middle sEage for the Upper Tertiary, called the ^Marly Stage” 

containing much mari and marly sandstones* but less of sandstone 
and filiale; some calcareous beds r Middle Miocene with the upper- 1 
niost beds m part Plioccne. 

to. Eruptive rocks of the preceding stage J ««...Midd 1 e and upper Miocene 

1 Vcrbeek, R, D r M.* and Fcnncma, R., Descriptiori Gcologiquc dc 
Java et Madoura p Am5terdam P 1896. 
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ii, The inost rccetu «age of t>hc Uppcr Tertiarv called the ‘'Caleareous 
Stagc;' 1 mudi limestonc and marly Umeslones alternatitig with 

mari............ Uppcr Mioccne and Plioccne 

tj. Recent vokamc rocks; votcanocs. Miocene. Plioccnc. Qoaternary, 
and Recent 

i.l Old posl-Tcrtiar)- *cdiment* witli sd.iic nianmuli.Qualernury 

14. Recent post-Tertiary sedimenti... .......Recent 

With reference to. formations older than the Tertiary we 
ran nnly say tliat. aside froin the radio lari an clierts which 
clearly are to be correlated with tlie Fraririscan of Califoruia 
and hence are to be conside red Jurassic in age, we know of 
110 rocks certainly of Mesozoic or Paleoaoic age in tlie Fhil- 
ippines. We are very much iiiterested to leam that so-called 
"ancient" rocks are to be found in Formosa, our ncxt-door 
neighbor to the north. Without fossils or undoubted strati* 
graphic evjdence we are not willing to call schists and gtieisses 
ancient just because simila r rocks are found in the Archean. 
These are products of tlynamic metamorphism and not of 
time. In several islands, notahly Luzon, Masbatc, and Cebu, 
there are red and black argillites, almost slate in places, which 
may be Mesozoic or older. They probably are equi valent to 
the “Danan Formation’' (Motengraaf). or "old slates/’ in 
Borneo. No fossils ha ve been found* in these formation s iti 
the Philippines. Although in tlie Tertiary, perhaps in the 
Jower Miocene conforming with the sanie event in America 
(an event which was undoubted ly workl-wide), the European 
“Tcthys” of Suess was closed and therefore an attempt at 
correlation in the latter part is unsafe. Table 2 shows a tenta* 
tivc currelalion with tlie European column, 


TAPI.fi: 2 . THE PHILIFPINE TERTI Ah V i AVTER WH Vil.Lfil 


PbiLiooincs 


Rm-nen 

c L'pper Jimestone with small Lq>idotydmes fc 
c.f. vcrbrcki mi&gypsin& r 

H 

i 

Rurdigalkn 

Miocene 

!> Sandstfinc and shale with Clycoclypcus com¬ 
munit, Orbitolitcs, alveoUnella, Miogvpstna. 

' ‘ l 

C, 

F 

Miocenc 

.1 Middle limestone with large Lcpidoeychtics, L- 
insulae-natatis formosa, richthofcxi. 

E 


Lowcr limcstnnc with coal mcasnres atid 
NummuHles. .V. tiiasi Vcrh., 
c.f. niasi LcpidocyrUna. 

D 

Stampicn 

Cpper Oligocon^ 


Table 2 is based on foramini fera worked up some years. 
ago by R. Douville of Paris. From tlie rccent work of Cush- 


uigitizE-d t?y 


v Google 


Qrigmal from 

HARVARD UNIVERSfTY 






P.VX-P.1CJFIC SciKXTIFlC CONFKRENCK 


772 


man on livi ng Foramini fera froni Philippi ne vvaters it would 
*eem that wc caiinot ivholly rcly on these. Tlie long range 
nf soni e of these smaN Qrganisms make early conclusione liased 
on this of donbtftil value. 

ft has long been known that in the tropica! Pacific the 
rare of evolntion lias been vcry slow. so slow in faci as to 
cati se the writer to make tlie statement several years ago that 
"in the Phihppines we are stili in the Tertiary pcriod." K, 
Martin pointed ont that the percentagc of living fornis even in 
i!ie okler formations of the Tertiary is greatly in exeess of 
whar we are accustomect to find in the same fori nat ion in 
temperate regions; therefore, the percentages usualiy emploved 
in making the divisioris in the Tertiary are of no use here with- 
out modification. Kecent detailed work by Dickerson on the 
Vigo fatina shortly to be pnblished fully substantiales this. 

The most marked recent event in the Philippine region 
is the great elevation that has occurred, amounting to thrm- 
sancis of feet, According io tlie testimony of fossil piants 
ioiuid entombed in tuff deposits at an elevation of about 1980 
met er s (6500 feetl above se a level. ia northeni Ltizon, there 
1i<ts been a great elevation of tlie Pllilippine bloek withiii vcry 
‘ecciit times, We dare not say Recent or even Pleistocenc. 
sinoe the rate of evolution in the plants may liave heen a> 
slow as in the case of the invertebrates, Re that as it may, 
the fossil leaves fcund at great elevations 011 Lnzon can l>e 
determined by botanists gcnerically, and in many cases specifi¬ 
ca! ly, as practically identical with those growing iu the low- 
lands today. 

In Tabk* 3 an attempt has been made to enrrelate the 
principal fortnations and horizons with those of the otlier 
Malay regions and of Japati. We are well aivare that thi> 
:s liable to error, hut it is at least suggestive and therefore 
may be of soine benefit lo future workers, 

Soine instances of speeial correlatiou. otlier tlian those 
furnished by fossi b 011 tlie American side of the Pacific may 
be cited. 

Coal, In tbe countries ahout tbe Pacific there is coal of 
^everal geological horizons, but in japan, the Philippine*. and 
Oregon most of it is Tertiary in age, The remarkable sim- 
ilarity, physicali}' and chemicaliv, between tbe Philippine and 
Oregon coal is nnteworthy. 
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Petroleum. In Japan, New Zealand. tlie Philippines, Cali* 
fortiia, and Mcxico. the oil is of Tertiary age. Aceording to 
Australian geologists. New Zealand is calleri the oi' arc. As 
in the Philippines aml Japan, the oil arc is the outer arc of 
folded Tertiary shales an <1 sandstones. It is true that the 
petroleum of California aml that of the Malay region differ 
greatly, the former beitig generally of asphalt, the latter of 
paraffin base. 

Metals, In Korea, the Philippines, Oregon. and California, 
and perhaps in other cciuntries bordering tlie Pacific, the inost 
productive ore deposits are associated with post-Jurassic grano- 
f Muri te intrusions. These are usually coiitact deposits, or are in 
fissure veins uot far from such contacts. Soine less important 
deposits in later (Miocene) Tertiary lavas are found about the 
Pacific arc. 

Vulcanism. Attentiori has long bcen callcd to the vtilcanisni 
about tlie Pacific, and the phrase “Circle of Pire'' is the nick- 
name given to the Pacific border by geologists, This is a 
liappy designation not only of present condit ion s. bm of con¬ 
ii it i oiis that ohtained throtighnut the Tertiary. However. for 
otitflows of lava comparable to tbose of the west coast of 
America in Tertiary times \ve imtst go to the great Deccan 
plateatt of Jmlia, 

In the last voltimc of fle Margeries admirable Frencli 
translation of Suess' great work, "The Face of the Earth.’* 
is a map, compiled largely from Harkers "Natura! History 
of Igncous Rodos," with wbich the writer is cotistraitied to 
takc issue. In this map he includes the Sierra Ne vada, Cas¬ 
cade*. and Coast Ranges of Westerti America in tlie “Aiulin 
Edifice." and the cominuation of the “Asiatic Edifice" according 
to this map is to be found in the Rocky Mouutain regiou of 
the 1 'tiited States. For such correlation tliere appear to tlie 
writer tUf .stipporting facts whatever. Itoth Hecker and the 
writer liave found a remarkable similarity in igncous rocks. 
d ructu re. and geologtcal history hetween tlie wesi coast of 
\merica and the east coast of Asia. 
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RECENT STRATIGRAPHICAL AND FALEONTOLOGI 
CAL STUDIES OF THE JAPANESE TERTIARY 

Hv H. Yahk, Geological Institute, Tohoku Imperia! Uni versit y, 

Sendai. Japan 

(PresL-nted at the rcquest of the ConnuiUfe on Probram) 

The Cenozoic deposits cover an area 12,713 q. ri (1 ri — 
3927.25 meters). and the younger igneous rocks, 5(85 q. ri in 
insular Japan. Both combined cover over 65 per cent of it? 
total arca . 1 'It 13 also ccrtain that the Cenozoic deposits 
aJtogether attain a considerable thickness, thotigh no one has 
as yet attempted a definite estimate of it, 

The older division of the Cenozoic, the Tertiary. includes 
a considerable amount of coal. and certain deposits are petro- 
liferoiis; there is also another type of the Tertiary rocks which 
often accompamcs a pardcular metalliferous deposit. 

In anothcr publicationi I have poinled out that great 
diastnophic movements, which gave to the present Japanesc 
islands their skeletal geological structure, took place during the 
Cenozoic. The tectonic earthquakes and the volcanic eruptions 
which so often disturb them in the present days liave perhaps 
an intimate relationship with tbe old geotectonic scars which 
made their fifst appearance during the Tertiary. 

Thus the detailcd studies of the Cenozoic and especially 
the Tertiary format ion s of Japan arc of great importancc 
from both the practical and scientific sides It must 1 »c con- 
fessei.l, however, that the stratigraphy and paleontology of 
these deposits liave received little systematic study tmtil now. 
It is very difficti It to draw out from the ordcrless accii nm la¬ 
ti on of recorda any concrete out line of the Cenozoic geology 
of Japan. and I think, it is premature for any such under- 
taking. Hence I deem it prndeiit to mention briefly in this 
paper a number of Standard scetions of which wc liave Itccomc 
recently inore or less well in formetI. 

1 Outlinos of ilii' (reolupy iit Jiijxin: Clvol, Survvy uf Japan. Jncl 
etl. 1002. 

* Y«bv. H-. Tli? Ichitiokawii ciaitilonicmu- hucJ iis ^-viilofiiciit 
meatiing: Tohokti Imperisil University, Sei. Rcpts., zn<l Srr. (CeoU 
vol. 4 , pp. J-T 2 , 1915 ; and Probletns uoneerntng the gcoteetoiiics of 
rhe lupati esc islands: tbid,, vol, 4 , pp. 75 - 10 , 1 , 1917 . 
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1, <i;\f:zoic i)Ki‘"sns or ndkteievkmijht swiauks; vntR 

N. TlCHOKOVICH 

The Ceiloxoic deposits cieveloped in the Sclimidt Temu- 
sula of Rttssian Safifhalien liave been sttidied by Mr. Tidio- 
novicli. aecording to wEioni, the onler of successio» of the 
Cennzoie rocks there recognizable is as fotlows: 

r, Mincciie; Rlic lower flmsioii : So &agetic>A 

Saiu!stoiie r Sicuris =itnl rnnglnmer.Tfr^ witli .\fyiihtx mdtfifWJGWi 
Gabb. var. nov,; tun m Mh itteziumt Cf>nr rT Tuvrittlh rr^rj 
G>nr_ 

Is. Cnjil-bcarmg diales umlcrlain hy variegated samJstonfrs 
maris ivith Sftj r/our Itiwgsdorfii JlmngiL 
l/neon inrmiiy. 

2 . Minee ne; ilie middle divi>u>n : 603 sugenti, 

a. Gixy HEirulstnne wjtll lavers nf day and claycy sandst fl n£'. 
timlcrlain In clayey-valcarcotis thi:i piat y sliale: with t |jr ; 
dium derortitum Orew,. Cardium aifraftcusr GleniU 
r >irdia grautthifa Sa>\ Yolditi laevis. 
h, Tulfaceous sandstone, wliite rhyolilc tufT, shales H thin MjW 
siindstnnc; cem taicimg 7 'hyasiru biscciii CiHir.. Turbo WtfJ" 
farmis Dall, Curdium der aratum Grew, ( 

c. r P rcy qturU sariti and tuflacemis sanristone* veiih Peeien /V''G 
humi Gabb, 

+ >. Mirnene; ilu' iippc r dividum: juo sagene^ 

Cnmpact samlstnne. tirTa vernis sandstone. ele,, wiih 
memini i l)all r 

4. Phocene; ihc Imvvr divisum nx> sagntes. 

Grey elay. yclbw sand, and hreceift, witli 1 'eueriearfy 
licvsttf Gab 1 >. h /Vr/cii y emens is Say, 

I lUerrupl n. 11 . 

5. FTitHcCf; ilie nppor di vis ion : sagenes. 

CnnghHii^rait- wiili tI to iiehhles of the Mincene foeks* grey. K rccl] 
and bine days. 

Gne^iiiWirmy. 

it. Post riiucviie ikpnsits. 

(A inglomerate, sand and elay. 

,\> the Xcii^vne dcposils of Elnkkaidn and Japant^t 

lialicn atc mrt yrt fully stutlsed st rati graphica! ly* the al^ vc 
stilidivtsions pn^>osufl t>y Tidianovich 4 o\\ tho^e of the Ktis^a 11 
part are hero iiitroduoed as a stamlanl for comparisoii ""ith 
tlip nkiiti-mjKkrmii^nis dei^psits of the other pnrt^ of JapA>* 
wliicli are bo eimmerated biter cm r 

Ni»ti: isv T. Wavnam) Wu uhax 
In t l:i ^ crimuctinn a papei 1>y Krystofovidf de serves urtto- - 1111 
ilie fnllowing pHLragriipli cnpiul from p. J-!: 

“A fr ct c'Sl:iblishing llio gei 1 emi rmstents ihe Crethcen^ J^' 1 
iti SakbaJin. wc imht ennlirm ilie Teniary age of the flora ^ 

i Iret. _ . 

4 Tieliniinvieli. the Schmidi Peninsula: Mtm. Gcol. Coin- 
Xa Mj. Hjl4- j. 

Kry^infnvielu A. X. h ()n Hie Cretaceous flora of Russtan SaknaJui. 
Insp. t T niv. Tnkyn CnIL Sci. Jmir., vnL 40. An. 7.1 |>p_ k Apr. r ^ lj! - 
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vrfirkAble se.imS of jJgrtcb nnd ;ilsa of thc c:>al mines of Alcxaildrofsk. 
This flora of thc Mgadi coal mine (not of thc seasliorc), being now 
quite frectl of thc Cretae eous dvmeiUs, shows a very close similari ty 
ro the Tertiary floras of Japan, describet! by Nathorst (1888). also to 
thc irue Tertiari' Horas of the Rttssian Maritime Provincc. Consist- 
irig chfcfly of Amenti florae aorl contaimng very few ferns. this flora 
is quite different froin that of the Cretaceous, An ohjcct of con¬ 
siderabit imerest is thc occurrance of Salvini» sp, in Mgach. The 
rclation Itetvrcetl the Cretaceous and Lower Tertiary floras of Saklialin 
scems to he a distant one, The proper Gyliakian Hora has nothing in 
common with the Tertiary, probably with the only cxccption of Popu¬ 
lus The study of tJie rclation of thc Ornkkinn with thc 

Lower Tertiary in Sakhalio is yet a tnsk for future studies, and 
nothing on this que st ion can i>e cxpressod at present. The Lower 
Tertiary is mtyhow closely alliefl with thc llora nf the Naibuehi coal* 
lield in Japanrsc Siiklialin and that of Hckkaido. as wctl as to ;he 
Japanesc ‘Pr e -pii nec ne' floras of Xathorst." 

IL TERTIARY HKIflStTS OF 1 ART 1 ) 1 * THE IS HI K ARI COAI.-FlfclJ). 

HoK K.tllH); aFTKR II, IMAl \N’H H. VAH E 

There ure maiiy reports on the geotogy of the Hokkaiflo 
eoal-fields but owing to the complicated geological structure of 
the area nearly all previous writers seeni not to bave tmder- 
stood the order of succossion of the Tertiary rocks cleveloped 
there. The conclii si ons giveii helow are the results of mv 
own studies made some 20 ycars ago, and recent detailed 
field work by Mr. Ima i and myself. 

Of maiiy coal-fiekls in Hokkaido and Sagliatien, the 
southem part of tlie Tshikari coal-field js geological ty best known, 
and the order of sticcession of the Tertiary rocks developed 
there can be taken as a Standard for the lower part of the 
Tertiary deposits of Hokkaido and Saghalien, 

The Tshikari coal-field is sitnated to the east of the niaiti 
course of the Ishikari-gawa, extending for 80 kiloineters north 
to south. between the Sorachi-gawa and the Yttbari-gawa, the 
tvvo main tribtitaries of the Jshikari-gawa: the Southern part 
of this coal-field, with the geologv of wliich we are mostly 
concernet! at tliis time, includes the vrcll known collieries of 
Bibat. Pomhets, Iknsluimbets, Foronai, Minito, Manji. Ytibari, 
Oyttbari, Kaede, and Xoborikawa, 

In this area, thc Tertiary overlies the Cretaceous. The 
latter is dividcd by Yahe fl tnto three groups, the Lower Am- 

* Yabc. H.. Cretaceous Cephalopnda froin Ilokknidn, E’t. 1., iqoj. 
anci Yabe F lf. T 2 nr SmtiRriipliic n. PalonTitolojfii.* ckT Kreidc nui 

Kukkaklo u. Sadiiilin, 1939. 
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monites beds, the Trigonia sandstones and the Upper Animo- 
nites beds. A part of the Trigonia sandstones, called the 
Hokobucfu sandstoties, is covered by a thin complex of shales, 
platey sandstoties, and coal seams in alternation; this accom- 
panies the Nilssonia bed. Mr. S. Endo, who undertook a 
preliminary study of the piant remains found in this piant 
bed, distingmshed the foJIowing species: 

Pecopteris lorei Ii Hr, ? 

Nilssonia serotina Hr 

N. aff. N. orientalis Hr. 

CLyptofitrobua unt^cri Hr. ? 

LibocedniS sahininua Hr. 

Rhamnites spiculatus Lx. 

Viburnum integri folium Ncwb. ? 

Populus pemiculata Hr. 

The Cretaceous deposits are unconformably overlain by a 
thin complex of Paleogene deposits which were called tlie 
Ishikari Series by Yabe sonte 20 vears ago. Now Imai and 
Yabe propose the foliowitig subdi vision s in the economically 
ittiportant series (in ascending order): 

r. The Ishikari Sedes, 

a. The Horobcts sbale: a bed of b!ack shale aliout 60 metcrs 

thick with intervetiing thin mari layers and containiug also 
mari nodulrs; piant remains are not cotrunon and mostly 
in determinabit. The single wetl preserved specimer, ii 
determined by Endo to be Gtyptoslrobus curopcus Hr. 

b. The lowcr coal-bea ring gretip or Yubari group; sandstmus 

altcmating with many important coal seams; about 150 
metcrs thick. 

c. The Wakkanappe shale: 60 metcrs thick, but oftcn tess 

Rarely containing remains of small thin-shelled marine 
molluscs. 

d The Wakkanappe sandstone: 123 meters thick. Marine, 

nsually fuit of sand pipes; therc arc numerous beds of 
oysters and a few Corbicula beds interqalnted in the 
sandssonc. A part of the sandstone contains at plices 
many mollusca, espccially bivalve shclls. This fassi! 

fauna is not yct worked out; but it is at least certain 
that a shell bed in the Wakkanappe sandstone dcveloped 
in the valley of the Pankehoroka Yuparo, a tributary «>f 
the Vubari-gawa, contains in ahundance a form <>i Cr.iS'i 
teli a which is hardly distinguisliablc from a species found 
in the Ashiya group of Kyushu. 

e. The iniddle coal-bearing group or Bibai group. Sandsuw 

and shale in alternation, in which are intercalaled many 
important coal seams; total tliickness about 150 meter* 
The original specimen of Subit! nippanica Krystofovich is 
probably derived from this group. 

f. The Woodwardia zone; about 60 metcrs thick; charaeteriecd 

by a white or grcyish sandstone or saudv shale. whicb 
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is hard and compact, oflcn flinty. Betwecn severa! beds 
of this rock are thin platcy sandstone, shale p and thin 
coal seams. 

The Woodwardia zone contains a characteristic flora; 
the most prevaiEing types bcing, aecording to Endo; 

Wootlwardia cfr. maxania Knowlton 

\Y. arctirus Hr. 

Osmunda sp. 

Dicksoma sp. 

Equisetum sp. 

Sequoia lanjjsdorfii Brongin. 

Taxodium distichum miocenum Hr. 

Clyytostrobus ungeri Hr. 

Ficus occidciitalis Lx, 

Corylus iusigub Hr. 

Zizyphus rncigsii Rerry ? 

Populus zaddachi Hr 

P* arclica Hr. 

Juglans sp. 

A great ucconformity. 

2. The Poronai Series of a considerabit thicknos: bUek shale^ iu 
which are iutercalated thin rnar! layers and mari nodutes i 
glautouiiic and sandy at the tai>e. The bjisal sandy part is very 
vanable in thickness from place to place. The characteristic 
fossils of this series are: T 

Ru limina. several sp. 

Vcnericardia compressi Vok. Ction Kve.) 

Mucula poronaica Yok r 

N. (Acila } picturata Yok. 

Yoldia sp. 

Leda sp, 

Thyasira bisecta Conr? rmhcr rare 

Tapes eaoensis Yok. 

Turritdtn wadana Yok. 

j. Tbc Knwabnta Series: alternat ing slisile and ssindstone; these arr 
thin bedded in most of the series* though thick Ix-dded near the 
l*ase. Conformabk with and transitional at the ha se to tbc 
Poronai Series (?). It cotitaitis the Poronai fauna near the 
basc. which soon gives place upwards to anotlier witb a decidedly 
younger aspeet, Ahnost contctnporaneous with the marine slicll 
bed of Morai h Atsuta-gori, province of Ishikari which contains 
Thyasira bisfctti Conrad, Fiiwyu cfr. F, atlloxii jcnkins and m;ny 
others* an<l with the sandstone bed with Desmostytus cfr. A 
iapaniats Tokunaga anci Iwasiiki and Tiiour .r dcsmostili Mat- 
sumnto* of the Opiraushihcts in (he province of Teshio. 

Outside the Ishikari coal-fielth tliere are developed in 
Hokkaido several groups of sedimentaries of the younger 
Cenozoic, the most important and extensive one being that 

7 Yokoyama. Die Versteiiieruiigeii aus der Japanischen Kreido. 1800. 

Wfatsumoto, H.. On a ntw Triouyx from Hokkaido, ioift and 
Matsiimoto. H., A coniribution to the morphology, pnleuhiolngy and 
systcmniic of Des mos 1 vius, 1 fj- 1 R. 
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uhicEi is iiow bclievcri by Yabe to be almost contemporaneam* 
uith the Tokiwa Series of the provinees of Iwaki aml llitaclii. 

ni. tkrtiakv lh:i'dhits op tiik reseoKA histhict. provinci: 

<ll‘ MVTSl% IlOXSnu; AITKK S. SttlMlZl 

This is oiie of ihe cUstrkts in northcm Honshu ithe :iiam 
islaml of Japan) wliere tlie Tertiarv rleposits are well de- 
vdoped and llieir orclcr of successio» caii easily be iraccd, 
The district occupies an area ei^lit kilometers broad and \2 
kilometers Icmg aloii£ tlie miiklle course of the Mabechi-gawa. 
ivith The small toivn Fukuoka near its center, 

Mr. S. Sliimizu 1 * reco^nizerl iti this dislriet the folkwinj; 
nrder of sticcessioii of the Tertiarv strata: 

I. Tlie Yolstiyakn Gmup. 2J4 lUetcrs ilrick and cnvcrinis tlie twd^rock 
series (Paleoznic rocks) in dino-miconfonnity; it comprises in 
asceinltTig order: 

a. Jiiisal kiin^liimTiiu; .“uid tuffiKCGus >uiiiKti ] m‘, in wEiich ar* 
inuTcuhu-d thin crw) seam*. 

h. Rlark soft sliak\ with sonie marine shclls (Ostrea. clc.V 

c. LowtT aggltmieratc, 

d. Tuffaeeous sthkIsioiiCh shaL\ and conglomerate in *t1:erna- 

tnnii containing abundant impressions of leaves. Ende 
found tlus piant foliis: Litjuiifuiithtir furmosaita Hanc*. 
tui git* ferntgiufii Aii. and Omutaphtu* cfr, PjcifMirwJtf 
Berry. 

o, Mi<lillc a^glomerate. 

f. TulTactiHls umdstOnc ;iml shale in alternat hm 
i. The Xisitai (ironp, to meters tliick; it cnnsists of 

n. Cniiglomcrale 1 Ostrea hed) : griding in places hilo Ciurso 
sainkoine, with slitdl limcstone in assoriation. 

Ii. Sandslnnc. 

Many marine sbclls are fonncl in iliis group; of tliem a 
gmantic >peeies of Ostrea is tiiosi arraetive. This 
i> helieved 11 v Phinh/u io n-st npoii ihr former widi a 
slii-lit unoniinnuilv. 

Tiic Yiula Orotip, Jio nictors ihiek. 

a. Hrownisli gray sandy shalo H iti wliich are tiUercakited thin 
miles of radier hioilierent sasidstope, 

h. Ujihl uray m ycllouvsli slialu with thin hauds of radier 
iucitlu 1 'x-nL ^:LtnUtNiiu b , and iuiiiutous mari mulnlo?; very 
fi^iliformis. i iiiivTti ofr. I . rnfjWti Jonkins aml PfsmP- 
stylus sp. arv two niticworihy fossils froin it. 

c. TulTaocoti^ >iiin!>toiK B t with inuroalaicd thin sli^lc layrr>. 
Shimi/n dirius ihat tlie Yiula Grmip ovcrlu-^ tho Xisaiai 
aml VotMiyaku inu^onformnhly The iwn fi^ssiln, naniefl 
■dupio» indioiitc ihy ei iUoiii|hinmvity nf tJu^ uronp «n!i 
ilu- Mcsnn»st>Ius Ih'<I nt Hokkaido aml Mino, and ilie 
Yic-tryii beti of HokkaMo* MitaoliL and Mino L 
p Xakamnra. tlie Idhnohe >!ktI ; explanatore texi to the geolo^ial 
map fin Jiipaiu^ol. At this place i* «iven a stinnriary of tb^ bur 
stiulics liv Mr. Shimi/u iu tlie gcolopical lahoratory of the Toli^ku 
I mperial I nivor^ity. 
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4. The Kadonnsawi Group, 2fk> meters thick, 
si. Tuffaceou* sandy shalt, 

k Tuffaceous smulstonc with hitcrvemiiK layers of shale; 
Tdltna bed. 

Shimizu bclieies tliat this gronp i* para-uncem formabit 1 
with fche f>lder divisions. 

A rather conspicuous luiecrtformity. 

5 r The Suctiornat suy ama Croti 175 meters thick. 

sl. Conglomerate, grading in placei into hcacli sarui ; very 
rich in fossils, and especially several species of Pecten ure 
abundant. 

h. S:itidsiton* and diale, the former souietinu-s erosa-hedded. 

6. The Takamori Group, 130 meter & thick. 

a. Contflomeraie; 

b. Sandstone {Echina radimus Bed), Reside Ediinarachmiis. 

m&ny moli use an shells and shark's tcelh are found in it. 
Mr. Y. Jshiwara distinfftiishcd three species of shaik h s 
tceth i natncly; QjryrhiHfi hastulis Aj^.. Carcharodon 
todon (Charleswortli) ; and Corcfumuus fommersoui Rhin- 
ville* 

The Suenomatsuy ama and Takamort Grtmps are probably 
contempora neo us with a part of the Tokiwa Series of Ilie 
Pro vinces of Iwaki and Hitachi, to bc stateri later 011 r 

1V T CKXOZOIC DEPOSlTS Of THE KNVIHONS nr SENl>.U + PHOV1NCK 

of rikuzKs; aFtek i, ftayasaka and h. vatie 

Sendai is the site of our Geological Institute; the city is 
situated on the alluvia! bank of the Hirose-^awa, where the 
stream leaves the uplifted old peneplam of Mtikdyama to the 
Coastal lowlaml. The 150 foot hifjhcr platform is dissected by 
a number of valleys whtch trive excellent exposim? of the 
Cenozoic rocks, of which iliis part of ihe land is constructe<l. l<l 

L The Sawoyartia Group is tlx 1 luwest division of the Tertiaries dr- 
vetoped in tlic direct m-ijjhbnrhood of the city. A marine sandy 
depo&it* cssenlially eoniposed of sandstone of pale greenisli color. 
u'ith £uhon limite fihaW and sandy slialcs hurrctihited in ir :irr 
also some tuff beds* sttul tlic sliales and snudstcmcs are pEirtly 
luffaceous. The tiiffuceotis mcks prevnil nmstly in the lower pari 
of tlic firoup so far observcil. 20 invters or more 

The lowcr tufTaccons lurda are fo^ilifernus; fnssik are liimily 
marine shcIU + hdon^in^ lo Xassn, Xcptunea* Conus, Dentali.nn. 
Teltina. Phacolde^. etc. Also icsts of diatonis atid spicules are 
commoti. , 

3, The Mitaki Group. The t\aurm atna Group apparently arades tipwar<ls 
to the Mitaki Group whirh is esscntially conipc^crl of pyrocUshe 

The stratijfrapbical stndy wns first undcriakeii h>‘ Ynhe and 
is now continued by Afr, ITuyasakn who kindly snhmiEted to me tlic 
prcscTit note r 
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malcfmts. tuff, toff-brcccm, agglomerate tuff, with ixtrnded dicet? 
of andc*t'c; 20-25 mctcfs or more thick. Tuff is pi&olitic in parr 
Over an extensive area including Matsushima and Shioyanm 
near Setldai* tltere developed a thick complex of pyroclasfic 
rocks. Hayasaka believes ihat it may correspond to the Miiaks 
Group of Mukoyama, though the direct continuati™ between ihetn 
is not yet observet). Qverlying this complex is anolher* composed 
of sandstnue and sbale. with massive tuffs intercalatcd. This 
series is beautifully banded io certa io horizons, and intereatated 
in it is a piant bed at 5 kiogama h from wliich Mr. Kryslofovich 
describet! btety: Sabal sp., Juglans nigclb Hr? t Fagus sp. r 
Castanea kubingi Kov,. Ficus sp r , Liquidantbar formosana Hancc 
fossilis Nath. and Vitiphylium sp„ Krystofovich believes thal thi* 
Hora js SonicwHat older than the Magi flora from the province ai 
Hizen whiclt is to be referred to later on. 

3. The Lower Umoregi Group. This divbton which overlics an agglom¬ 

erate tuff of the Mitaki Group consists of the folio wing strata 
[in ascending orderJ : 

Gray sandy tuff* with piant remains. 2 meters thick; the 
fossil* are: 

FagtiS sytimtira L. var. steboldi Mtix., $asa cfr. S. barc¬ 
alis Makino and Shibata ; 

C 0 ng I omerate, 1 .B mete rs; 

Grey tuff* 2 meter*: 

Cross-liedded sandstone H 7 meters; 

Grey tuff witli a lignite seam (0,7 meter), 3 meter*, 

4. The Tatsuitoktichi Group. Mostly composed of tuffaceaus sbale, Init 

sandy in she iniddle ; about 30 meters thick; a marine formatiou 
including four prominent shelt beds. Mae tra sachalinensis Schretik. 
Mya Japonica Say, Fatwpaca generosa and many others. 

5. The mkklle Umoregi Group. This comprises in ascertding order: 

Sandstone, smuetimes congIomeratic, 2-3 meters. 

Clay with lignite seams; ereet tree tninks are not seldom; 1 
incter* 

The Hirosegawa tuff; a massive pumiceous tuff, with no sign of 
stratihcatiou: 7-T0 meters. 

Pumice beds. shale* and thin lignitc seams in alterualion: nliout 
2.5 meters. 

Tuffaceous shak iiitercalating (wo thin seams of ligure; 6 meters, 
A thm seam of lignite. 

fi The Upper Umoregi Group. Tota! thickntss 10-15 meters: a cros*- 
bedded loose quarti: sandstone, 1.5 meters at the base; the pre- 
dominant rocks of tfie main part are shale* with occasional layers 
of sandstone and pumicet and also of a number of lignite seams. 
Loose sandstone with intercalatcd thin shale occupies the upper- 
most part, A shell bed (the Dainenji) ii intercalatcd in k and 
contains Panopaca, Cardium, 

7, The Aobayama Group. Clay* sand ^nd gravel; often cross-beddcd; 

about 3-7 meters thick. This group overlies the older deposk? 
unconformably. 

8. Vounger tfeposit* on many terraccs along the Hirosegawa. 

11 Krystofovich. A new fossi! palm and some flora of Japan: Geni 
Ax, Tokyo Jour.. vnl, 27, No, 322, pp. 1-20. Pls. XHI-XV, 1920 
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V. CENOZOIC DElMJSlTS (JF THE JOftAN COAL-RKIJJ, KWaNTO PLAIN' 
ANT> THE HOSt> AND M1URA l'EN I S T Sl'I,AS ; 

APTER R. A0K1 AND H. YABE 

The Joban coal-field covers a part of Futaba-gcri and Ishiki- 
gori in the proviace of Iwaki atid a part of Taga-gori in the 
province of Hitachi. A part of this arca was stratigraphicaily 
studied in detail by Mr, S. Nakamura. His subdimtons of the 
Tertiaries deveioped in it are aceepted with certain modifications 
by Mr. R, Aoki, who latcly cxtcndcd this stratigraphical study 
farther southwards to the provinces of Hitachi, Kazusa, Musa- 
shi, and Sagami. On the other hand, Prof. M. Yokoyama attd 
Mr. S. Tokunaga undcrtook the paleontological studies of the 
materials derived from the upper groups of the Cenozoie de- 
posits. The following accounts of these deposite (1-6) are 
essentially based on the Information kitidty supplied by Aoki. 

1. The Shiramizu Series: about 170-45 meters; it comprises: 

a. The basal conglomerate and sandstone. 

b. The Coal-bearing Group. This is divisible inte three parts, a 

lower and an upper coal-bearing bed, separated by the lliiirk 
Shiramizu sandstone whicb is alniost barre» of coni in the 
lower coal-hearing beds. Nakanuira found: 

Glyptostrobus utigeri Hr. 

Populus zaddachi Hr. ? 

Salix lavateri Hr. 

Betula prisca Ett. 

Quercus sp. 

Juglans acuminata Hr, 

Acer, arcticum Hr. 

I11 tbe upper beds he found: 

Glypiostrobus carfipeas Brongn. and Fagus tl>. 

2. The Iwaki Series; green tufTaceous sandstone, with conglomerate and 

coarse grained sandstone; 29090 meters. In places it contains thin 
seams of coal of inferior quality. Fossils are rare though sonte 
piant retmins and marine shells are known 

a. The hrst sandstone. 

b. The Kaitiettu conglomeratu. 

c. The second sandstone. 

d. The Tochikubo conglomerate 

e. The tbird sandstone. 

f. The Takakura sandstone. 

g. The fourth sandstone. 

From the lower part of the Iwaki Series. Nakamura ob- 
tained; Sequoia disticha Hr. and Zclkova augeri Elt. 
Unco» forni it y ? 

3- The Asagai Series; 290-40 tneters, It comprises: 

a. The Asagai Sandstone (Carditim Bed); a grccnish Idue oi 
gray, very tine grained sandstone. N. Ticbonovitch fotmd 
in it: 
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Carditim islandictnii L- 
Veiiericardia g ranulam Say 
Voldia nivalis Gkl. 

Jlya arenaria L. 

Tcllmn dissimilis Martcns 
T, mccmgriu Manens 
FeripUmia sp. 

Thyasira bisecta Conr. 

Xatica sp. 

Turrite:IEa erosa Coulli. 

ticar the Tstmira stat ion, while Mr Makiyatna imnid 
abundant _l/vif mujfi Grev,. touctber witli OrrcfiHW. rrff 
CViflmftiom Dail and TViytisiVri frjivhi Coiit, in thc sanu- 
formation exposed along ihe coast of Yinsukiira near 
TairiL, As a rvtle TAytfJiVfi ^fu and {'luitoidrx 
wliicli are Iwo cummtm fossils in the younger Toki^n 
Series to ]>e inctuiotied belnw + are rather poorly rcs>re- 
seured in the A saga in saudstomv 
b. The Shirasaka sba)c; a grcy or greyish hlack sliale, very fissile 
and liahle to break into sm:ill pirees. 

Unconformity. 

4. The KameiUhP Series : B70-JOO mcliTs. 

a. The Cloyasu samlslone. 

b. Tlie Mmmoysi sliale and sainblcm-, 

c r The Kamcimb shale (Leda Bedl. 

d. The Misawa samIstnrle, 

The Knmenen shale b full of impressions of a species of Luh' W- 
Sides l M htn m oid f,r sf 1 . is also romtuon The lia na) part n{ the Kii- 
TTietUM* >liate rxposed at Yotsnnutni eoiuains mnnerous Jhyuii^f 
fcistcht. The Viearya bed of X;iknso_ witb Icfr. f F . 

Jenkins occupics a hcrijcnn somcwlicre in ihe upper pari nf die 
Kaiileniirj Series, 

C011 s i de ralile tui coi 1 h ] rm i ty, 

5. The Tokiwr, Series; a very thick complex* hidmling he £liiradn 

tnffite of Mar Xakamura; the prevuiling ruck-type is tnffacemts 
sliale : irilercalaled in it are snmr ratlicr thin heris of s.indsione 
and conglomerate: ugfdom crates are also common, This ionmatum 
fontains abundant fossils T esneciaUy molhtscs its places fthe Thy.v 
sim-Phacnides fauna ). Cartimrodou memitodon L Charleswortli > 
and O-vytliria hastulis Ag. are 11 ut uticom 111011 h and Lini his nif* 
ptwito Tokimaga is a diaracteristic eeldnoid of tlib formaliori. 

Aoki distillgliislied the Hanareyama Series fr-titu slie Tnkiw.i: 
the former is now krnuvii only from the vicinity of Kviji npar the 
muittli of the river bearing ihe sanie name, in the province nf 
Hitachi, and is cnmposed of hard, coarse-graim-d s^mflstones. ThU 
group is iuieresting. hecause teetli of Trtralophudon cfr. T. httidw* 
f Ii ft ha ve once been fmnul in it, Aoki tliinks tliis. series overlies 
niiconforrnaNy the Tokiwa and iiiitlerlies iinconformabJy the Tokye 
Heds, \ r ;d>e, on llie ollicr haud, ennsiders the Hanareyania ScTie^ 
as a local depesit enmeniporsineom willi a par: nf the Tokiwa. 

"Funlier, Aoki proposes the namc of Mitira Series for a thkfc 
complex of Uiffaceons slialcs* pmnircous sandstones. and eonglrntic- 
rates extensivdy dcvelopcd in the Mitira Penirtsnla. The slicll betis 
of Koshi)ia hTiu! Kanaziwn in Knraki-gorL province of Mmashi, tbc 
sliell hed of Kainiikiirii in Kamakura-gnri, pr^nance f>f Sagarui. 
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a part of the shclls of Miyaia in Miura-guri province ni Sagami, 
bdong to the Miura Series, Lately Prof. Yokoyurna” published 
his meinoir on the fossils of tltese shdl lieds unci according to him, 
the Koshiba shdl bcd, whidi is the niust proli hc in fnssils of r.U 
the localities ciumreratcd abave. contuitis 74 species oi moHuscs of 
which L io P hence 40,5 ner ceiit are cxtinct. The series also not sd- 
dom contains shark H s terth* especiully CanharadoH nwgaiodtat 
(Charlesworth) and Q.vyrhma hastatis Ag. The Miura Series is 
also extensivdy devdppcd in the Bosd Peninsula, 

Yokoyams ma incanis that the waier in which the Koshiba 
shdl bed was deposited was colder than thnt of the present coast, 
because the Koshdiu f a uti a indmh-s 17.5 per veut of the deeidedly 
boreal species, 

6. The Tokyo Beds. The Miura Series is uncoiiforinuhly uveri ai il hy the 
nest younger Tokyo Bed* at Xagamimo near Kamakura, The lat- 
ter extends fruin the iicigliboiirliuod of Nagamnna easlwardi over 
an extensive area of the Ruunto Piam almost to the Pacific coust. 
ihcngh hidden bcncatli the yoiinger Xartta Bed* and !oam for the 
most pnrts. The Kwanto Plain is a dissccted piat forni b an np- 
lifted plain, mostly 20-40 meter* or more higti P and now dissccUtl 
into a group of low. Hat hilis which are iiUervened hy many hroud, 
Hat valleys. The hluffs surroumling the hilis oficu expnse a serie* 
of nearly horizontal strata of which the lowest beds aro tnffaceons 
sarui rmcJ ch\y of bluidi or grey eoior. Tbcsc are sedimenta de- 

positetl oti the tranquil sea IxPtioin, n«i mnch agitate d by wiiws* 
sonietinics being full of sumi pipes, and sonictimes rontuining 
abundam remains of foraminifera, Fossi I shells are very almmhi it 
in places; the bivalves having usnally hoth valves stili united, and 
the htirrowing types being preserved in life positions. 

Tokunaga“ dcscribeil 87 species of G-istropoda, tlirce of Scapii- 
opoda F 75 of Pelecypoda and three of Brachiopnda. iti total ito 
species, from shel! beds of Ojh Shinagaiva. and Tultiita, Of tliew 
species, only 10 are considercd by him as sttrely extincl. Fiirthcr 
the proportion of the hcireal to the tropjcul species is e M.4O in tlie 
fossi! fauna of the Tokyo Heds. and 1 19.75 the regent faima lie- 
inR in the aca? near Tokyo. Whilc ronsiders the Tokyo 

Beds of the P.cmocene age, Yokoyania helicves thi' they are af 
late Pliocene age. 

The topmust hed of the formation is reprcscnteil ai Tahata in 
Tokyo hy an esluarine deposil of grayisli clay 1 *; eilber from iliis 
l>ert or from «hr hasc csf tlie nver!> ing >anc! and gravd, which lx h - 
longs to the Xarita Beds. Tokunagii obtuiiicil ueth of /, 7 cM«ix 
tiainadicus Falc. & Cautli- Tlic samc spectes wsis also obtaincd 
from Yokosuka. It is not certain from which of the Miura seriis 
the Tokyo beds, the Narita beds, and the fossil piant* from Yoko- 
hama, deiermired by Nathorst and Gcylcr , 11 were derived. Tlic 
plants describet! hy Nathorst are: 

31 Yokoyama, M., Fossils from the Miura Peninsula aiul its in- 
mediato north, 1920. 

“Toktmaga. S.; Fossils from th« euvirotis of Tokyo^ igofi. 

u Yabe, H., A rcw Pleistocene fauna from Tokyo: igir. 

^Nathorst: Zur Fossilen Flora Japans; Paleont. Abh, Bcrliu, vob 4, 
No. 3, pp. 197-250, pls- XVIT-XXX, 188S, 
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cfr. Phyllites b;tmlm^nitk’s Xutli 
Fallis sykaticu L. lossilis 
Quercus smxbcrgi Xath_ 

Q. Muxbergi Xmb. var. an g u st i f ni ia Xath. 

Q. sp. 

Carpinus sp. cfr. C. ycdnensis Max. 

Zelkova keaki Sieb. Fossilis, 

Acer cfr. A. pictum Thunbje. 

A. sp, cfr.. A, palmatum Thmdig. 

Hnvcniphyllum thunijLTgi Xath. 

Cornus siihiuatrophylla Xath. 

Tjciftiniimwitcs. 2 sp. (identiiied liy GeylerA 
Styrax ohasda S, Z fossils. 

Naihorst conside rs the flora froni the hluff? of Yokohama to 
be ymirificr than the Mngi Hora of Hizcn. 

7. The Narita Reds, In Tokyo* ihc Tokyo Beds are ovcrlaiu h> a for 
matinn of sand and gravel ahout 10 ineiers ihidk, iu w lucti ate in 
■ vTcalatod day heds and the vvhole in places e radius imo jravel 
Tltesc sand auri giiivcl beils are moro lypically dcvelop^d ^ tluh 
extensive tract lying cust of Tokyo (in the pmvinco of Shiinnxu. 
wlicfe the f01 nutkm was callcd by Yahc. the Narita Fietis. |ian 
of tliis fonnatiun may perhaps be of *hc fluviatile m-mn: biti in 
ita typical devdopmont. it is ecrtainty marine, Cross-beddins is 
universali in this formati mi. The dUlribuliou of fnssils in it is 
vtTy irrogular, fossils heitig ftnmd iti conditio rabi e lienps liero and 
tborc. The fossiliferous part tisnally corrains mucli trituraicd 
shcll fragmen! s. The shelb are atmost always wsiter-worn. and ihe 
Smalvcs are scldom fmind with hotli valves nmtetl Fossits nrc 
almost confinod to mollusca an<l a species of oeFimoul /ifiifhini' 
c/utias mirabitis (RarnA. The greal majority of mollusca Ih-Ilmiji 
10 !ho Folecypoda, which mucli excecils the Gastropoda in the 
mimher «{ species and of individual*. The molhiscmi faunA of 1 kr 
Narita Heds docs not prohably differ gnatly in ibo numlwr ni 
species from that of ihe Tokyo Ueds; hut a striking feature of the 
former is the cxcceding prcpondcranre of cerlain forms our i’io 
othor, the most conspicimus species teing 

M act r a stil cata ria De s h. 

Tapes Philippicarum Ad et Rve. 

Tcllina vermiosa Schronk 
Solon k nise 11 sto rui Pchronk 
Diplodonta usta GUI 
Pectunculus yessoctisis Snw, 

R r Loatn. The uppermost stratum of this extensive rogiL>n is loatn. ^ 
Iiotnngorious. uon-stratifVcd mass of a ioose. reddish hrown mixture 
of dayoy and *andy matcrials, scvcrzl meter5 thick. lurefc-ilatod 
in it iu places h a thin layer of pumice which is in process of de- 
compositiori to a loamy materia!, and in places is inore distincti)' 
clayey tlian usual and mcire or less straiitred ra the Imw, Tlus 
depr 5 sit cri\ers ovcrywhofe tlio stirface of the upliftcd and dis- 
soctod Kwanto plain. 

0 - (a) The coral hed of Noma, iu the proviuce of Awa and alotig the 
Ray of Ta'.oy;iitia. Tliis dc]>osit is yonnger ihan ilio loani and i* 
wortliy of spocial tTcatmont, The lied is a tnuddy sand hlling dw 
oh! vallcy holtoms hotwccn tho m«my tvrraccd liills ctimp^sed d 
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tht Miura Series uhc Tokiwu Series L fur fnmi ihe seu Jin^l 
ocily 15 meicrs higher thaii Hie prcsL-nt sea IcvcL The fo$sUs eon- 
sist of large masses of reef-biiiklmg e^rals iiiixcd ivith shtlls. 
Yoboyama 11 rcporlcd from tlte coral hed the followitig speciei of 
mollusce:; 

Purpura filvvc-latsi Rvtv 
Cuma rugosa Burn. 

Triton obscurus Rve. 

Cypraca carneola L 
Trochum atropurpuratus OM_ 

Fissuridca ruppellinj Sow. 

Cytherea tigrina Lam. 

Vliius Incerata Haulcy. 

V, af. V. jukesi Desh. 

Chama of C, mu N squamosa Gmel. 

Cardita cfr, C. gubernaculum Rve, 

Arca kraussi Phil P 
A. fusca Rrug. 

Perna marsupium Lam. 

The se species, accortling to kim, are timv living only soulb of 
Kyushu. whilr the other 2 1 species are ideutical wilh those living 
in the presciH sea* of Japati, Ahhough Ynkoyanm etmsiders this. 
deposit to be of Pleistoccnc age. Yahc ratlier lemis to the vievr fluit 
it may be a PosL-Pleistocctie deposit. 

9. ih) The shell sand of Mohara and tlie shcll hed of Cape Da ito, botli 
in the province of Kazusa. Almost contemporari eous with the 
eoral hed of \otna are 'Jie shcll ssmd of Mohara and the shcll licti 
of Cape Daitd. The shell sand of Mohara is exposed near Mohara 
along a st ream wliich flows at the foot of the Tertiary hilis, 
througli the cusistal pia in of Kiijiik uri hama along tlie Pacific. 
Yokoyama found in it about 60 species of marine itiolluscs ali stili 
livlne. Tlie shell hed of Cape Daitn also eontains no extinct 
specits of mollusca. This is exposed in a very limitet! area along 
the sea-diflFs near Cape Paito. lyir.g upnn uncouformahly tlie Minni 
Series, and forms ihe hase of ar old terrnee deposit. 

Shell beds sitnilar to that of Cape Piato arc ako found at 
fnamijragasaki and Zaimokuza mar Kamakura, 

VI. TERTI AIE Y DEPOSITE OF THE ECIIICO OIL-FlELDK! AFTER T_ IKI 

Petroleum exists in Japaii exclusive!v in tlie Tertiary for- 
mation P and the Western half of the province of Echigo is the 
most important 01I dLstrict in Japan. The oil-fidds in this prov¬ 
ince as a whole constitute a hilly land T the hilis arranged on sev¬ 
era! lines of no rtheasP Southwest tremi. Tliese ridges coinckle 
tisually with the antidinal axes of tlie Tertiary strata p bcing 
separated by the syrtclinal valleys. The hilis range in height 
betwecn 120 and 700 meters, gradtially nsing from north to 
south. 

M Yokoyama, M., CHmatic diange* in Jupsm dnce the Pliweuc 

Lpoch + ipm 


Digitzed by GoiiQle 


Ori ginni from 

HARVARD UNIVERStTY 



78ft V a m-Pacific Scikntific Coxi-t.rknck 


The geological forniations ilevelopetl in the Kchigo cil-fiekl' 
aro. accanling to Mr, T. Iki. ,5r as follous: 

Dow er Division; 

Black shale: 

Black shale and sandstone. 

Middle Division: 

Grey sandy shale. 

Upper Division: 

Shale, sandstone and conglomerate ; 

Clay, sand and gravel. 

These are ctistomarily consideied to belong to the Tertiary. 
while the tcrrace deposits in several steps bctwcen io meters and 
150 meters are believed to be Pleistocene in age* 

1, The black .simie is the lowest formatio», probably over L<Sa> nivti-f' 

in thicknrss- In il in n niniiber of places ;tre iiitcrcalatcd iliin 
lanncis of hluish liiie-gr:iiiiecl sandstodtf ;md thick diaraclerbtii: IjvI' 
iit whiu or hluish iiiff-sandstme which constituto the principal 
ciil-bcnrinjr strata in this formaliori. In the Southern pan of ili* 
Jveliifjo uil llclds conglomerate is inlerl>eddL-d in the slialc. 1 : - 
:ire rare somi brachiopods, a few molluscs and sh:trk h s teetti arv 
known, 

2 . The blaek diale and saitdstnnc. This is a tnmsiiioiial furmation Ai» 

metere thick* from the hlaek simie to the gray satidy dialr >*1 th<* 
middlc division. Ii is quite ha r reti of fossils and oil. 
y The yn}' sandy slnkb It oF Ligllt k ray ^niuly yhnle. m ^lue!] 

in itmny places are intercalatcd subor (lina te laver* of incilium- 
Coarsograhied sandstone. mmiLTniis I avens of agglomerate. -itui 
aiidesitc sheets, There is also a conspieumi* fossiliferous limot-m* 
bed ur lens which contui ns abundam renuitis of tnmntniiiera 
(cspeeially rieh in tlic tests of Polystoiuella), spines of echin^iik 
fragniciUs of niolUiscun shelK IJthophamniiirii, e te. The diak' i' 
niso ricti in diatoni remains. In tomi it is 300600 meters thick. 
IVtrolifcrmis in the Xiitsu and Xishiyaim iWlds. 

4. The shale, sandstone, and conglomerate. This series i- musi v*~ 

tensivd} devetoped along the Sliinanoguwa. and is comp^cd n- 
sctrially of soft clayey shale. medium- or coarsograincd sambinH'. 
and luose conglomerate, u^cther with hitcrUminaled while luff' 
clay which contains numerons piant fossils and sonie lignitr scam' 
While Nos. r-4 are coiifeirruabJe, the ne*t. No, 5. i$ *.iid to lrf 
tniconfonnaldc U* the othrrs. 

5. The uppemost division composed of uoconsolidatcd clay. loose ^snl. 

and gravtl, occurs ha lamilcd arens; the strata are often ^rikiujih 
distnrhed. Fossils worthy of note have not yet heen fimiid » :1 
tliis svriv*r 

I know very liitle about tlie Tertiary ot" this regicri. an<l 
heiicc liavc cntircly folknved Mr* Iki in the above st at ement: 
beside the lirnestone (an<l other calcareous rocts 1 ) cited alx>vc, 

" lki H T. Prcliniin;Lr> r nr^ie on the gcnlog>' -c^f the Echij^o oil liold: 
Mon. Imp. Gcoi, Survey. iQio. 
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tliere ate in Lhe complexes euumeraied aWve a numbei of marine 
fossi Ii ferous layers of importance wtiich require future research. 
At present we can only say that the lower and middle divis ion $ 
contain a fauna allicd to the Thyas ira-Phaci des fauna of the 
Joban coal-field, Thya lira bisecta itself being found in nttmbers 
at severa! tocalitics in Echigo. 

VII. TERTIARY I>GP05lTS OV E ASTER X MINO; A ET ER 3. SAGA 

Tertiary deposits are also well developed ia the eastern part 
of the province of Mino, over a part of two adjacent distriets. 
Kani-gori and Toki-gori. Tstikiyoshi and Togari arc two famnu* 
localities for fossils in this arca. 

Mr. I. Saga 18 distinguished the folloiviiig four groups In the 
Tertiary strata: 

1. The Nakamura Groiip. 

it. TIil- Niikainura Boiis. Cuni!|>oM;ii uf vtiidMcmc^ and tuflaccoii:* 
shales ( , in which arc intcrcalatcd a rliiii^t of 1 ignit e seam* 
that tontain nnmeroiis piant remains. Eruln identitied 
Phtttcru augeri Ett- and Betuhi Sitrhttluirusts Hr. in them, 
b. The Hacliiya Bcds. A thick depnait of inassivt ImfT-breccia^ 
witb intercalated sandstoite, diale and luff ^oru^; coiismc- 
uously darlcer in color thaii the rncks of the p recedi ns 
Nakamttra Kctls, 

2. The lliramaki Grypp, While the *trata of tlic precediug imup 

u&ually show$ dips of ahout 40, those of the next younger Hira- 
mak: group arc tistially almost liomontal; the two groups, there- 
fore, are in clino-unconfonnity, The predominam rocks of the 
lattcr are whilish (ufTaeeotis shale, white and gray tuffs + and cross- 
hedrleri Rnnrlstnne and eniig] orne nite: piant fossil* are nnniemns 
and renudus of sonte land mammals are also found in it. It covers 
an arca considerabty wider than that occupicd by the lower group. 
The mammatum remains detormined hy Mr. H- Maisumoto arc : >u 
Sciti rid sp. 

Anchitherium hypohippoides Malsumnto 
Palacotapinis yagii Matsunioto 
AniphUragulus minoensia Mulsiimoto 
Triiophodor of the T. Angustulen* type 
Tdeoccras ptingator Matsumoto 

The prelitninarj sludy of the piant fossils hy Endo gives the 
followlng resuit: 

Platanus ? sp. 

Cinnamomum sp 

Ulmos braenii Hr. 

'■ Saga. I. t Tertiary geology of eastern Mino: gradiintc thesis, M- 
S. t 1917^ 

11 Matsumoto, H,, Descriptioris of some itew fossil mammate from 
Kana districi province of Mino, wi(Ii rcvkions of some Asiatic fossil 
Rhinocerolids, \c&i ; Maisumoto, H. r On a new archetypal ccrvid from 
the province of Mino, 1918. 
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Zelknva keaki Siek 
Castanea vulgaria Lam, 

Quercus errata Thutib, 

Q. tneyeri R. Ldwg. ? 

.1. The Tsukiyoshi Group. This and the iust vouvuut grmips are Ihh- 
nlogieally quite similat; the prcvailing rock type is sundy tirT "t 
liglit color, witlt niany interca Lateri thin layers of vellite oompact. 
ofleii silithied shalc; there are numere ms calcareous nodulcs; tlu 
strata is frequcntly cras s-l sed ded, 

a. The lower di vision — Vkarya fted*. Fossi! melinas are abtin- 
dant; characterUtic are; 

Vicarya semperi Saga (Ms. imm. l 
Cerithium sp. nov. 

Pota tni des, ^ sp, nov r 
Munes sp- nov, 

^ammiiiolaria sp. nov. 

Cyclina dimensis Chem. 

Clementia papyracea Cray 

h r The upper di Vision. A fcw piant fnsstk are fouml i?i ilii- 
pait; llie plumt eollected hy Rcin ut Tsukiy shi runl 

derermiiied hy Gtylcr are perhaps derivet! frnm this unu-. 
Thesc are ; 

Castanei vulgaris Lam. fossili* 

Ostrea virgiuien \Vi 11 d h fossils 
Syrax nhassia S, Z, fossilis 
Quercus stuslierpyi Xath. 

4 t The Togari Group. C hara citri st ie «f <his grovtp aret 
Turntdla sp. nov, 

SiphohEilm sp. nov. 

Polynicis sp. Ilov. 

Voluta sp. 

Cultellus sp. nov. 

Paphia sp. nov. 

Do sin ia sp r nov 
Diplodoilta usta Gltl 
Xnenia mirabilis I limis 
Pecten sp. 

The lower lialf of this Rroup is distinguislied frotn the upper 
pari as ilie Desmosiylus Beds, from ivhlch the lype skell of 
P*sttttisiylus jiipviitdis Yosliiwara and Iwa&akt* was taken. Vanv 
other skelctons fnimd in it are believed to hclong |o otlier uinrhi' 
mamma Is. 

5, The Daisfiiji Group, Composetl essenually of day, saurl, and govil. 
in which 1 ignite seams are iutevcalated in places; it is us a wbnle 

an incoli emit deposit, cmeriug unconformahly ali the other nWcr 
mek forma lians. 

Matsiinioto 91 eorrclatcd The Hiraimki Group with the Inwer 
Munent and ihe Tngarj Group with the middle; Saga iktermincd 
to species of mollusca frnm the Tsukiyoshi Group and fmni 
the Togari L ;md »l:mit -?4 per cent of the former nnd ahnut 
ceiit of the Isiftcr are nor known from ihe present scas around 
Japsm, 

^ Yosliiwara, is., and Iwasaki, J„ Xoles on a new fossil mammat, igo,\ 
^ M ai sumoto, op. cit. 
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VJ1I. TtKTlARA Lli;i'USllS UH NUkVtlERN KYISIU: ; Al'TEK T. ,\,\CAO 

ANU If. VADE 

An extensive Tertiary tract occupies a part of the two 
adjacent provinces of Chikuzen and liuzen in Northern Kyushu, 
the drainage area of the river Onga. It comprises the well 
known Chikuo eoal-field. Mr. C. Kido and the late Mr. S. Mat- 
suda 13 published 15 years ago a detailed geological account of 
this important colliery di striet, and Mr. T. Nagao is tiow making 
in our Geological Latx>ratory a paleoiitological study of a marine 
formation [ying upon the eoai-bearing groups. From this study 
we derived important conclusions conceniing the Tertiary geol- 
ogy of Northern Kysliti, which differ much from the view now 
current among Japanese geologists. 

The Tertiary deposits of the Chikuhd ccal-ficlds are divisible 
into three maiti groups: 

1. The Nogatii conl-bearing formation. It eowrs a wkk- arca chwfly 
west of the Onga-gawu, and is 180-300 meters thick: the lower 
part is essentially eomposed of satidstones and sliales, the middle 
of snndstoiie. and the upper of sandstones and conglomerarem In 
this formation are interea latori 15-20 important roal scjitus. snmr nf 
ahirh are altered to natural cukos hy roniart witli iiltriisivc 
igneoiLS sliccts. Silicihed wood is diaracttristically abundant. 
i.. The Qtsuji conl-hearing formation. It occupies mostly the 11 ortlient 
area, east of the Onga-gawn, and is 000-2000 meters thick; the pre- 
vailing rock is whilc sanditonc. in which seveh important roal 
scams are intcrcalated. Silicitud ivood is r at lier rare. There are 
character istic conglomerate and rt:d sliak- beds at the ha se of this 
formation, witli which nno wnrkahlc nml seam is assnciatcd. 

3. The Ashiya formation. This is a marine formation of a conside rabie 
extent in northern Kyushii; in tlit Cliikuhd regioti. it overlies the 
Otsoji coal-hcaring formation in apparent confarmity and is dis- 
tributcd over the northermost par. along the coast of Ashiya, It 
comprises three partu 

a. Green sandstonc, partly conglomerat it. i.mj — 140 meters 

b. Black shrde. fio — >jo metere 

c. Light grecn salitis tone and slule. More tliati 300 meter* 

Sonic paris of this marine formation is ricll in inoUiises, sudi as 
Venericardia, Crastatella, Meretrix, Turritelki, and many otlicrs. 

The Otsuji coabhearing formation together with the overly- 
ing Ashiya formation is well developed around the Ray of 
Fukuoka. The latter contains many fossils at Meinohama, a 
littlc west of the city of Fukuoka. The most coiispicuous form is 
an Aturia, almost mdistingiushable from A. r&tvssfndiema Pa- 
roua from the Eocenc of Piedmont, Italy. 

" Kidri MuNmta. Gm!rtgH k £il rc-purt i. in Juimnv+v) nf i hf 

Chikuho coal fietd, 1904, 


Digitzed by G 00 


Ori ginni from 

HARVARD UNIVERSITY 



792 l\\N--l*AClFk‘ ScJKNTIL-IC CllM'J:iiKNCI’. 

The marine formation and the Otsuji coal-bearing formation 
also cover extensive areas in the coal-fields of Northen Hizen, 
and in the Miikc coal-field, which extends over Miike-gori in the 
province of Chikugo and Tamana-gori in the province of Higo. 
Numerous fossi Is were obtained during the siitking of a sliaft at 
Manda in the latter coal-field. There were determiner! as fol- 
lows by Prof, Yokoyama : 33 

Cycas fujiiana Yok. 

Ccdroxyltm sp. 

r«Titacrinvis ama ku sensis Yok. 

Terehratult niiikensis Yok. 

Perna nishiyarmu Yok. 

Phokttlomya margaritaccri t Smv. ) 

Crassa teli a fusca Yok. 

Venericardia ntpponica Yok. 

Canlita maudnica Yok. 

Venus niititiiana Yok. 

Fusus sp, 

Aturia zigzag (Sow.) 

Homolopsis japonictis Yok. 

Xanthilites pentagona Iis Y ok. 

Irnmna cfr, I* cuspidata Ag, 

Aturia zigzttg of Yokoyama compriscs two fornis, one pro¬ 
videri with narrow whorls and the other with broader ones; he 
eompared tlie former with A. cigzag Sow. and the latter with A. 
charlcszvorthi Foorrt. The compresser! form may probably be 
identical with the larver specimen of Aturia from Meinobama 
whicli Yahe oonsiders to be closely allierl to rovasendiema. 
R. F. Dickerson once comnumicated to Yabe that the Phciadom- 
ya margaritae ea of Yokoyama is a form equi valent to -P. nojit/a 
Gabb from the lowcr Eocene (Martinez) of California, and the 
Pusus sp. a form equivalent to Pcrissohx bhkri Gabb from the 
upper and lower Eocene {Tejort and Martinez) of the same 
state. In the Miike coal-field the Otsuji coai-bearing formation 
comprises at its hase a thick rcrl sliale and a brackish water shell 
beet a little higher. A bed very similar to the latter is developed 
in the coal-field of Takashima, off the harlxir of Nagasaki. 
Ilizen, and also on an adjacent island Koyagi where it is foimd 
in as sociat ion with a reti shale heri. 

In the Miike coal-field, the Otsuji formation attains abemt 
150 meters, and the Ashiya formation 550 meters or more. 
There is no sign of a st rati graphica! break bctween these two 
formations. The Manda fauna, according to Yokoyama. indi¬ 
cares either tbe Paleocene or Eocene of Europe. 

11 Yokoyama, Sonic Tertiary tossils from the Miike cnal-iickl, 1911. 


Digitized by Goo 


originai rrom 

HARVARD UNIVERSITY 



I ’i jst-C b icta cici jis For m at h i n s 


793 


Yokoyama found also CrassateUa fusca in a collection of 
fossils from the island of Amakusa; hence, the same fonnation 
secms to be developed. on the island. In the Western half of the 
Amakusa-Shinioj ima, a coal-bearing formation extentis from 
north to south. The coal-bearing formation consists of shale, 
sandstone and conglomerate; sandstone and conglomerate pre- 
dominating in the lower part, shale, and sandstone with coat 
seanis in the middle, and shale in the upper. In the lower part, 
there are several fossili ferous zones; it is very likely that a few 
ammonites of the Scnonian age reported by Yabc are derived 
from these zones. At present, however, we have no knowledge 
of the stratigraphical dctails of these Senonian rocks, the coal- 
bearing formation and the younger marine sandstone which is 
eqnivalent to the Ashiya formation; many of the Japanese 
geologists are convinced of the Cretaeeous age of the Amakusa 
coal. 

Fossil plants are found in the coal-bearing fonnations of 
Kyshu; tbose derived from the Takashima coal mines and lately 
described by Krystofovich** are Sabat sp. aff. S. nipponira 
Krysht; and Acrostichintn kesperium Newberry. R. Florin 15 
also describes another Salvinia formosa Hr. Further the occur- 
rence of a Nelumbium is recorded by Nathorst and Kryshtofo- 
vieh, The latter author correlatefl the piant hed of Takashima 
with the Green River Group of North America. It is also to be 
noticed at this place that a species of Crassatclla found com- 
monly in the Ashiya formation is discovered in the Wakkanappe 
sandstone of the Ishikari coal-field. 

On the island of Kyushu there are two other Tertiary for- 
mations quite distinet from the prcceding ones. One of them, 
which is older, is extenstvely developed along the Pacific coast 
of the province of Hiuga : at the base is a thick arkosic sancl- 
stone, seldom containing foraminifera. L’pon it lie a mimber 
of shale beds which sometimes accompany a thin coal seam of 
inferior quality; the shales of the upper horizon are considerably 
calcareous and noduli ferous. These are overlain by a tuffaceous 
greenish gray sandstone containing Operculina complanta Defr. 
abundantly in places. This Operculina sandstone extends for a 

“ K rystofovich, Occurrence of the palm. Saluti nippottictt, n. sp. in 
the Teritiary Rccks of Hokkaido and Kyusliu : Jour. CleoL FrfJt, Tofeyo + 

voL 35 n PP S 9 ^ 66 , Pl- xli. igiS. 

* Floriiip Eme Uebersicht der fossilen Salvirtia-Arten mit hesondert-r 
Btriicksiehtigiuig eities Fundes von S\tk r i$tia formosa Ht\ im Tcrliiir 
JapanSp 1915. 
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distance of about 60 kilometers along the coast, Though with- 
out convtncing paleotitological evidenee, this complex is con- 
sidered to be considerably younger than the Ashiva formaliori, 
probablv being of Miocene age.*® 

A stili younger formation (youftger Plincene) is developed 
in the province of Hizen; it consists maioly of white and gray 
tuflfs and sbalcs. Mogi near Nagasaki is famcus for the piant 
bed belonging to this formation. This piant bed was first 
noticed by Xordenskjold and his eollection has been studied by 
Nathorst. Lately Florin revised the deierminations of this sanie 
materia! and Litilized another eollection. A contempora neo 
deposit is known from tlie island of Amaknsa. Xathorst and 
Flori n 3T detennined 80 species of piant leaves from the Mogi heit. 
the greater part of which belotigs to the plants now livmg in 
this part of Japan, though there are certain remarkable speciei 
in tlie fossil flora such as Taxodium distichum Rich. and fagus 
ferruginea Ait. This fossil flora indicates that a colder climate 
than that of the prcsent prevailcd in that district in the yotmger 
Plioceite. 

TU I- TERTIARY HGFOSITS OF T1IK SOUTH KRN iStVKDS W1TH THE 
ZONES OF CHARACTER ISTIC FORAMINI FERA ; 
apter H, YABE 

Iu the Southern islauds uf Japaii, ille Kiv.kiu hianda ihe 
Ogasawara (Ronin) Islands, and Taiwan (Formosa), there are 
also devetoped extensive deposits of tlie Cenozoic. The Tertiary 
deposits, espedally older ones. contain many intercalated calca- 
reotts betis or are composerl of calcareoiis rocks with miineroti' 
foraminifera. soine of which are very nsefiil as zotie-indicator*. 
The occurrences of these rocks ha ve lately been treated bv Vatie 1 ' 
in a paper written in Japanese. The following is an ab>traci 
of this paper. 

i. Eocene. 

a, Nviiiiiimlitic tuff of Huha-ji m 3 in the Ofc r ;Lsawar;i Oot:p; ii 
is fuit of nummu lites which Toktinaga assigned to m- 
vanus Verbeek and A", baxuflrnsis Verbeek. A pait ni the 
microsphcric forni rescmbles X. vredeuburgi and another 

v Yobt* II.* Notes on OptrttlKno from Japiui with remark* 

+4 Nummu]itcs TP cumingi Carpcnter, rgiK 

r Nathorst h Contributione a ia flore fossile ilu Japon : Kun^l. Sv. 
Vet. Akafl i2) voL 20, No. 2 r pp. r-92. 1883. and Florin. Zur Kcnntni- 
der Jungtcrtiiircn Pflariicnwch JapanK lbid h vof. 6i, No. 1. pp. 1-71. td» 
w Yabt\ H.. Tertiary roeks with higher Foraminifera from Japati. 

]r>^ 
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part *Y. focviEtttus; liettct\ the mfT is bclieved k> rcprescnt 
the uppcr Lutetiam The mhcT fn>sils fmuid in assndatcd 
witlt thc forjfimini fera ar v : 

S^gcnina regularis Douville 
S. expansa Yabe 
Flacopsilina cenomana Orli, 

JLituotwba sp. 

OrthophragmjnH coicanapi R, Douville? 

Alveolina sp- pl 

Sehiraster nummuliticuiri Tok- 

Nerita cfi\ X. schmeddtana Chemn. 

Lithoth amnium sp h pl. 

b. Pellatispira limestmie of Hahajima. and Ishigaki-jimn in the 
Riukitt Group- The Limcstoiie from Haha-jimu contaitis: 
Pellntispirsi nwIrn^H v, Hantkvn 
P, madmsxi v, Hantken var. domillei lh>tissnc 
P. orbitoi d eus P rova le ? 

Orthophragniina cfr O fritsehi Doli vi Ile 
Xummulitcs, a small species. 

Archacolithothammum sp. 

Lithothamnumi sp. 

Lithopbyllum ? 

The limestone from tsliigaki-jima is h on thc ether haiuL 
almost solcly coinposed of thc tests of Prlfotistini itmdrtissi 
and var. douviUfi, and of Lithothanminm. 

Ci Orthophragmina limcstOTic in Kagi-chcV. Taiwnu. The lime- 
stonc was collcctcd by Mr. Deguchj in thc so-cnlled “Clay- 
s-late Formationi Tt consists of at Icast 2 species of Ortlm- 
phogmina and i\ snul! species of Xiimmutitcs IndoiiHng l 1 
Radiatae. 

Tlie limesiotics of h H and c, are bclicvcd to represent the 
npper Eoecne. 

2, Vppcr Oligocene or lowest Miooenc, Spirodvpcus lime stonc of 
Kotosho (Botel-tobagc). near Taiwati. and Chichi-jima, thc Oga- 
sawara Group. The limestone from tbe lirst locality enntains: 
Spircclypeiis pleurocent ratis Carter l in abundnnce> Lepido- 
cy clina sumat ren sis Rrndy frarc) 

That from the secottd locality: 

Spiroclypeus sp. 

Alveolina sp. 

OrbHolites sp. 

Tokunjgfl has stated that hu foimd some l^rge specimen* of 
Lepidocyclina in the second mentioned limestone. Thcse perhans 
helong to Eulepidina, Thcse two KmestotiCs 1 believe, rcRfcsent 
cithcr thc npper Qligocene or thc lowest M incene, 

A. Lcwcr Miocene (Bnrdigalian stageV, Foramjmferal rocks of ibis 
s*age are exteusively distrihntcd in Taiwan* in the Riitkin Isbmds* 
atid also ia a certain limited area on the main island of Japan 
fHonshiiL Iti Taiwan, a foraminiferal limestone is intercalnied 
in the coal-hearing formation of Taihoku-cbo: a similar complex 
is developed on thc island of Iriomotc-jhria in the Rit H Mu lsbinds. 

The limestone contains; 

Lepidocyclina angularis Xew^on and irnfland 
L. sumatrensis Bradv 
L. verhceki X T ewton and Hollarvd 
Amphistcpina Irssoni Orli. 


nifjiti7^rl hy 


Origioal frem 

HAFWARD UNIVER5ITT 



796 


[ V\ x-1 1 m;ii- jc 


Sl i<-:.n i i r ie Con n;Rr. nc r. 


Cyclivlypein coninuinis Martin 
Myogjpsina sj>. 

Celkpnra formosensis Xevrtmi and Hnilamt 
Lithothamuiuin ramosis finium Reti** 

Tnkuiiaga foiirul in thc complex: 

Pectln placunaides Martin 
Astnclypens imeger Tok, 

Erhinodisrus formnsus Tok, 

Linies tones iiearly contcmpfirancous svitli iliis aro also 
known from many other paris of Taiwan, 

On tlie mairi island of japan, thc distribution of thc fora- 
miniferal rocks of thc Burdigalian stage is cenfined to the sev¬ 
era I localities in the provinces of Sagami, Kai, Kozuke and 
Mitsashi; in Ilie former two provinces, small lenticitlar masses ni 
limes tone are intercalated in tlie uppennost part of the so-catled 
Misaka Series, whicli is a thick complex: of pyroclastic materia Is, 
:md charae tcrized by the fossi Is: 

Lepidocyclina verbceki Newtwi ;md HolSand 
Miogypsina sp. 

Gypsina inbocrens Schultze 
Amphistegina kssoni Orb. 

Rotalia schroetcriana Parker and Joues 
Litbothamniuiti, sp, pL 

At Kamikosaka in the province of Kozuke more than 50 
thin layers of impure limestone or rather cakrareous sandstone 
arc intercalated in a thick complex of shale about 650 meter? 
thick, The fossils contained in the calcareous rock are: 
Lcpidocy clina Japonica Yalic (Ms, noni, 1 
L, angulosa Provate 
L. glabra Rutten 
Miogypsina Sp, 

Amplii si egi na kssoni Orli, 

A pecnliarity of this rock is the total absence of calcareotis 
algae whicli are so ofteii found in association with foramini fera; 
011 the other liand, numeroiis fragmental tests of varicus Bryozoa 
arc present. 

A receut discovery shows that there exists in the Chichibu 
liasin (in the province of Musashi) in the upper part of thc 
Tertiary a sandstone bdt wliich is in part highly calcareous, 
heing fitli of nodular Ltthothamnium; it also contains Miogyp- 
sira and Lepidocycline though rarely, These occurrences of 
Lepidocyclina (Nephrolepidina') and Miogypsina rocks in the 
provinces of Kozuke and Musashi are important, for there arc 
different kinds of evidence iiidicating the contemporaneity of 
these rocks with a Tertiary forniation that is developed in neigh- 
boring areas and contains: Thyas ira bisecta Cbnr,, Phacoides sp, 

and Afya crassa Crev. 
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XOTE ON THE TERTIARV GEOUOGV OF ALASKA 
Ev Alfred H. Erooks, U. S. Geological Survey 

(Presented at the request of llit Cormuittec on ProgranO 

The plant-bearing beds of the Kenai formation are the only 
extensive Tertiary deposits of Alaska, 1 Arthur Ilollick, who has 
studicd this fbssil Dora, assioris it lu the Eoceue and currelates it 
with the so-called "Arctic Miocene” of the Europeans. 'Some 
marine Miocene and Pliocene sediments occur along the Pacific 
rnargm of Alaska. Pliocene beds are more widespread in the 
north Arctic Coastal pia in region. 

The Kenai formation probably will be eventually subdivided 
and should then be termed a group. Rocks of this horizon 
occur at many locali ties along the enti re Pacific scaboard and 
probably in the Alcutian Islands. The Kenai is also widely, dis- 
tributed over the interior of Alaska, especially in the Cook Inlet 
and Susitna-Matamjska region. It is typically made up of friabk 
or hard congio me rates, soft or hard sandstotie, and shales. The 
formation nearly everywhere carries fossil piant s and coal. Most 
of the coal is lignitic but vvhcre the formation has bcen pro- 
foundly folded, the carbonaceous beds are altered to bituminous 
and in some places to t anthraci te coal. 

The Kenai so far as known is of fluviatile origin, and the 
individua! beds are non-persistent along tlie strike. In most 
localities the Kenai rocks are less than a thonsand feet thick, but 
as they are nearly everywhere the surface formation this is a 
minimum ratlier than an ac tu a 1 thickness. In the Matanuska 
coal field* the Kenai is represented by the Chickaloon formation. 
Where the top and bottom of the formation is exposed the piant* 
bearing beds are about 4000 feet thick, and at Kachemak Ray, 
on Cook Inlet. they measure some 2000 feet, 6 which is a mini* 
mum, A belt of folded conglomerates, satidstones, and shales. 
with some interbedded volcanics, occurs on the north flank of the 
Alaska Range, stretehing for about 50 mile? eastward from Mt. 
McKinley. These rocks, which are about 2000 feet thick. have 

’ Prooks, Alfred H., The geography and geology of Alaska; l’. 
S. Geok Survey Prof, Fap*r 45, pp. 337-241. 1906. 

* Martin, G, C, and Katz, F, J.. Geologv anrl coal licitis of the 
lower Matanuska Valley: U. S. Geol. Survey Utili. joo, pp 15. 42-45. 
1912, 

1 Martin, G. C.. and others. Gcokwjy and tmnorul resources of tlie 
Kenai Peninsula: U, S- Geol, Survey Ktill. 587, pp. 67-89, 1915. 
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been called the Cantwell formation formerly provisionally as¬ 
signet! to the Carboni ferous, 4 but now knowti to contain Kenai 
plantsA A few miles north of the Cantwell formation Ues the 
Xenana coal-fiekl vliere tliere are extensive lignite depisits 
associated ivith friable conglomera te s and shale, the whole series 
measnring 1200 to 1500 feet in thickness." Some fragmeutary 
piant remains in these coal meastires have been provisionally 
assigned to the Kenai t but the structura! evidence poiuts to tlie 
conciusion of their having been deposited since the Cantwell 
formation (Kenai) was folded. 

The Kenai rocks are believed to have been the deposits ot 
an extensive Eocene river System which traversed tnuch of 
Alaska. These rivers, like the present ones. had their sources 
far inland and in part bcyond the Canadian border. Thev also, 
like the present rivers, emptied into the Pacific Ocean, Rering 
Sea, and probably into the Arctic. Along the Pacific the Eocene 
shore line was probably farther out to sea than the present coast 
line* The Eocene shore line of Bering Sea was probably not 
gneatly different from that of the present, 

Mioccne beds have been found at several places along tlw 
Pacific scaboarrU The Miocene history of Alaska is little 
known, bnt it appears that there was a slight transgression of the 
sea after the clase of the Ecccne. when marine deposits were 

ilowii in local embayments. This transgression does not 
seem to have gone north of Bristol Ba>\ an indentation oi the 
southeastern part of Bering Sea* 

In Pliocene times the transgression oonttnued locally along 
the Parifio seahoarrl and dnring this period a part of the Xorth 

* Rrooks, Alfrcd H,. The Mt, McKinley Regkm; U, S. Gfol- 
Snrvey Pro/. Paper 70, pp. 49 , 52-55. 72-85, 1911. 

*Capps, S. R., The Kantishtin District: U. S, Geol. Survey Bell 

0 * 7 . PP* 37 - 44 » tt) 20 . ^ 4 

*Capps, S. K„ l’iie Bonniheld Kegion 1 U. H, lleoi, Survey Bell 
501, pp, 26-28 and 54-62, 1912. 

Martin, G. C., The Nonana coal-field; U, S. Geol, Sufvey Bull- 
664, pp. 6 and 7 , 1919. 

1 Martia, G* C., Geolopy and mineral resotirees of the Coniroller 
Bay Region: U. S. Geol, Survey BulL 555, pp. 3Q-41 and 6j, iqoS. 

Maddren, A- G, t Mineral ceposits of the Yakatags Regioa: V. 
S. Geol* Survey Btill. 592, pp. 126-152, 1914. 

Atwood, W. W,. Geology and mineral rcsources of paris of du- 
Alaska Peninsula: U* S* Geol. Survey Bell. 467, pp, 66-69 and 71, 
1911* 

Martin, G, C„ Fretiminary report nn t)i<? prtrotriim in Vla-ia: 
U. S Geol. Survey Pull, 719, pp. 35-36. 1921. 
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Arctic Coastal plain was also submergetis In the Nome district 
of tbe Seward Peninsula marine fossils have been found in the 
ancient sea heaehes which have yielded mticb placer gold’ 
Dr, WiIliam H. Dalll 1 " has determinet! tlie age of these marine 
invertebrates as Pliocene, but the geologists who have mapped 
this area hold tbat these ancient beach deposits can not be 
older tban Pleistocenc. 

Correlations of the Alaska Tertiary with that of other 
pro vinces are not yet very definite. The Kenai as stated is the 
equi valent of the Arctic Miocene of Europeans. and is no 
doubt, broadly speaking, the equivalent of the plant-bearing 
continenta! deposits of the Laram ide epoch. The Kenai prob- 
lem is novv being studied by Dr. Arthur Hollick. ]t is prob- 
able tbat the platit-bearirig beds of Kamchatka and other parts 
of Eastern Siberia are to be correlated with tbe Kenai. Few 
bissils have been found in the Alaska Miocene and Pliocene, 
and these fnmish no definite tie points with the Miocene and 
Pliocene horizons farthcr south. 

Marine Tertiary beds have been found at several localities 
on the shores of the Sea of Okbosk and of Kamchatka. 11 In 
Kamchatka these beds are said to rest coitformably on, a series 
of Continental Hgnite-bearing deposits which are probably of 
Kenai age. Here, at least, thcre appears to be no evidence o: 
the late Eocene or early Miocene period of folding. On the 
other hand some of the marine Tertiary beds of the Siberian 
coast were deformed probably duritig the period of diastro- 
phism believed to be of late Pliocene age, which has been recog- 
nized in tbe St. Elias region of Alaska. 

The salient features of Alaska Tertiary historv are so far 
as known as follows: At the close of the Upper Cretaceous 
there was a generat uplift and gentle warping in which tbe 

I Schrader, F, C., A reecnmaissance in Northern Alaska: U r S, 
GeoI, Svrvcy PrDf, Paper 20, pp. 81-83. 1904. 

Lcffingwdl, E. dc K,, The Canniug River region, Northern Alaska: 
U S. GeoI. Survey Prof. Paper 109, pp. 139-130, 1919. 

DaII, William H„ Pliocene and Pleistoceiie fossils from Arctic 
Coast of Alaska. and the auriferous leae lies of Nome* Norton Soumi, 
Alaska: U. S. GeoI. Survey Prof, Paper 1250. pp. 23-37, 

'Moflit, F. [[., Geology of Nome and Graud Central ^}un<l mugies; 
l'. S. GeoI. Suncy Hitll. 533. pp. 38 and 108-119, 19)3, 

“Opus citcd. p. 24, 

II Dall. Win H., A sub-tropica! fauna in Arctic Silwria: Pmc. 
U. S. Nat'l. Museum* Vol. XVI, pp. 471-47R, 1893. 

Rogdannwitrh. Karl. Geologischr Skizzc voti Kamchatka: Petii. 
Miti Iit.. vol. 50, pp. 50 - 441 , 1904, 
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major part of Alaska was involved, Previous to this movemcnt 
much of the Yukon and Kuskokwini, and Copper River basin> 
were submerged, and marine conditious of sedimentation pre- 
vailed. After the nplift Alaska was outlined in essentiali)' it> 
present form, though somewhat larger, A grcat drainagc Sys¬ 
tem was then developed in wliich the Kenai fresh water <leposit> 
were iaid down. Thcse dcposits rest on the marine Cretae eous, 
witli no slriking unconformily. In late Euceue or eaily Mlo- 
ccne times a widespread crustal disturbance took place wliich 
affected ali of Alaska but was greatly intensified in the Pacific 
rnountains and especially aloiig certain zones, These zones oi 
profotnul folding appear to follow the axis of the older Mest*- 
zoic folding. The striking feature of this crustal movement is 
that the Kenai beds in one zone are profoundly folded while 
in another nearby p&rallel zone the beds are almost undisturbed. 
Thus we find the Kenai rccks of tlie Matanuska coabfield 
highly indura ted, and folded and faulted, while in the Susitna 
Vallcy, 20 miles northwest, they are little Consolidated and 
practically horizonta). Ex tendi ng the section 50 miles north- 
wcst the Kenai consists of indurated beds involved in the ffreat 
thrust faults of the Alaska Range. 12 Where the Kenai beds are 
folded intmsion of dioritic rocks are not uncommon, but where 
they are little disturbed, tgneous rocks are absent. 

The period of Eocene diastrophism was followed by 
transgressiotis of the sea along the Pacific margin of Alaska 
dunng Miocene and Pliocenc times. In the latter epoch the 
Arctic coastal plain was also submerged. There was another 
period of diastrophism in late Pliocene times, but so far a* 
records show it was limited chiefly to the region of the St 
Elias Range. Tn the same ptovince there is evidence of uphft 
in Pleistoccne times, wliich was probahly accompanied hy 
block faulting. 

Itrimks, AI freti II.. The Mt. MtKinley ri-guin; V. S. t'.c I 
Siirvey Prof, Paper "C, pp. 98, HI, 113, ig:i. 
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CORRELATION OK TERTIARY MARINE FORMA- 
TIONS OF THE WEST COAST OF 
NORTH AMERICA 

J’v ]»kccK L. Cr.AKK. Universiiy of Califtuuia. IStnkeley 

IXTRODUCTlOX 

The construction of a correlation table of the marine 
formati otis of the West Coast is a very difficult task. It will 
undoubtedly be a good tnany vears before such a table will 
be satisfactory to everyone working in this field. None of tlie 
horizons have beeti adcquately mapped and monographed and 
the consequence of this deficiency is that some of the most 
important problema are st IU unsettled. 

The difficulties of correlation on the West Coast have beeti 
greatly increased by severat factors which will be briefly dis- 
eussed before considering the details of the Tertiary divisions 
recognized in this paper. 

It is a noteworthy fact that at the present time tlte marine 
faunas living along the borders of the Pacific Ooean are dis- 
tinctly separated into faunal or geographica! provinces, In 
this respect the West Coast of North America is typical of tlie 
whole Pacific border, Yery few marine mollnscan species are 
commoti to the coasts of Southern California and Alaska, We 
find an almost equally distinet differente betwecn the fauna 
found at the Isthmus of Pan ama and that found along the 
coast of Southern California, These three faunas, Panama, 
Southern California and Alaska, have practically nothing in 
commoti. Furthermore, sume of the faunas in intermediate 
areas are almost equally distinet. 

During Tertiary times tliere was a simi lar differentiatum 
of the West Coast faunas into gcographical provinces. 1 It is 
generally recognized that tlie Pleistocene and Kecent times 
mark one of the maximum periods of emergence of ali of tlie 
continents, While this is not true in so great a degree of all 
the periods of the Tertiary, it is well known that the North 
American continent was submerged only around its borders* 
During a large part of this time the Pacific and Atlantic oceans 

’ Smith, J. P„ Cliroatic rektions of tlie Tertiary and Qit.itcrnary 
faunas of the California regiou; Proc. Acad. Sci., 4th Scr, vol. 9. No, 
A, pp. 123-173, 1919 

[ 801 1 


Digitized by Coo 


originai rrom 

HARVARD UNIVERSITY 



80 2 


rAN-tVulRC SflKNTJ|'»C CoNlM-KKNCF, 


wcrc disconnected and the significant faet is that tve find in the 
Tertiary faunas inarked evidences of temperature zones. It 
the tlirce faunas nientioncd above belonged to a Middle Ter 
tiary instead of the Reccnt epoch it would ha ve been very 
difficti It tn cstablish contemporari ei ty. It is very possible, cven 
probabit, that the paleontologist wmdd bave placed the faunas 
in separate epochs Linlcss thev wcre foumt intcrfitigcring at 
sonie localitv or localities, 

The aecum ulat in g evideiice seems to show that this tem- 
pera tu re differenti at ion of the faunas on the West Coast had 
its eflfcet cven as far hack as the Eoccnc. A stvidy of the 
fauna of the itppct Oligocere indica tes a fairly definite zona! 
arrangement from north to south along the coast. This zoml 
arrangement of the faunas is even inore evident in the cont- 
pariso» of the marine middle Miocene of Southern Califomia 
with that from Middle Califomia and this in turn with the 
faunas from the same horizon in Oregon and Washington, The 
middle Miocene of Southeni Califomia may be regarded a* 

tvarin temperate. In Orcgon and Washington the fauna diow 
a more borea! aspect. The generic assemblagc is very different 
and a very large proportion of the genera is so charae terimc 
of the uarm temperate faunas whicli are ahsent in the northern 
Incalitics. In Middle Califorma the little wc kno.v of this fnuna 
>eems to shovv that it is of intermediate character. 

There has been much confusiori and disagreement in the 
past as to the correct seqtience of that part of the Tertiam 
ncction referred to the upper Miocene or Plioccue. The diffi- 
culties involved liave undonbtedly been in very large part the 
resuit of temperature different i at ion. The faunas changcd 
dieir cha ract er istic s very rapidly from north lo south and the 
northern faunas had very little in common with tlic southeni. 

The upper Miocene of Califomia, the San Pablo series, is 
best represented in Middle Califomia. 8 Beds of lower and 
middle San Pablo age are nol found in Southern Califomia nor 
have they bceti recognizcd in tlic northern part of the Stato. 
Tite Upper San Pablo or Santa Margarita horizon has a mucli 
wider distribution. The fauna obtained from the Santa Mar¬ 
garita and the middle and lower members of the San Pablo 
senes in the vicinity of San Froneisco Bay may be regarded 

“Clark. It. f,.. Fuma of Srm Pablo Croup of tiiiddle Califomia: 
Bitll. Dcpt. of tientnpv, Untv. Califomia, \ol, <), No, 22 . pp. 
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as approximately warm temperate, If these faimas were tiow 
living off the coast of middle Califomia they wotild probably 
itot be fotind south of the Santa Barbara Coirntv coast. Tliis 

wT 

conclusion is reached hy an amlysis of the reccnt species in 
the faimas. The fauna of the Santa Margarita horizon as 
fonnrl in Southern Califomia represents a warm temperate 
tacies that ia not present in the Sati Francisco area, There is 
a sufficient nnmber of clistinctive species commoti to the faimas 
of these two areas to establish tbeir correlation but taken as a 
whole the faimas are verv different. 

In W ashington anotlier fauna has been Fouml that appears 
to be upper Miocene in age. Jnst what part of the Sati Pablo 
series it represents has not been established. T refer to tiie 
Montesatio formation described by Professor C, E. Weaver. 
The fauna of the Montesano formation, judgmg from the re- 
cent genera in the assemblage, is boreal . 3 The assemblagc 
is very different from the more temperate faimas of the San 
Pablo in Califomia, If the correlation of the Montesano for’ 
mation with the San Pablo series is corrcct there is very 
marked temperature differenti at ion, a di fferentiation compa rabie 
to that in the Recent faimas of the coast of middle Califomia 
and Alaska, 

The faimas obtained from the marine Pliocene of tlie West 
Coast show in an even greater degree the effects of temperature 
differentiation between the north and the scuti i, The great 
nnml)er of local names which have been given to the \arious 
sections now recognized as Pliocene, testifies to the difficulties 
of correlation. There were at least two major cydes of deposi- 
tion duririg the Pliocene perior! on the West Coast. The 
faunas obtained from the lower and middle Pliocene of the 
Southern part of Califomia are wantt temperate. The fauna 
obtained from the upper Pliocene of this region has a sub- 
boreal aspect in some localities and in other Iocalities indicates 
temperate or even warm temperate conditions. Because of the 
lack of adeqnate knowdedge of the stratigraphy and fauna of 
the Pliocene a satisfactory explanation of this differentiation 
has not been reached. 

In the vicinity of San Frandsco Cay the fauna of the 
middle Pliocene is sub-boreal. A very large proportion of the 

1 Weaver, C. E.. Tertiary fonnntions of Western \Vasliiti|?ton: 
Bull. ij, Wa sii in k loti Ceo). Survcv, pp. l-jpf), irjifi. 
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recent species composing this iauua is novv found in tlve sami 
area. As we go northward in our study of the Plioceiie &e® 
tiuns we find that the shallow water fannas become more ani 
more boreal, A short distante South of San Frandsco a middB 
Pliocene fauna shows the interfingering of the northern amfl 
Southern species. I refer to the fauna of the type section « 
the Purissima in the Santa Cruz quadrangle. i 

In addition to the genera 1 rhange in temperature tronB 
tiorth to south, tliere was in the Tertiary stili another facto* 
vvhich undoubtedly contribttted to the differentiation of tlJ 
invertebrate faunas. This factor was the existence of numerouM 
partially isolated local basins of depositiori, 1 

The sediments of the Tertiary were for the most part laidl 
down in geosynclinal troughs which paralleled the prcsentl 
Coast Ranges. The mirnber and posttion of these troughs has I 
varied througli the different periods and epodis of depositiori. 1 
Thus, here we had a condition whieti was similar to that which i 
existed in the Appalachian geosyndine dtiring the Paleozoic. 1 
Great thicknesses of clastic sediments, in aggregate exceeding 1 
fortv thousand feet, were deposited on the West Coast during 1 
Tertiary lime. Thcsc Tertiary basins either existed as large 
emhavments or long inland seas, some of the latter of which j 
were comparabie in dzer to the Mediterranean and were proh- i 
ahly as well if not more completely separated from the main 
ocean basin. These eonditions produced marked local environ- 
ments. witli corresponding local changes in the faunas. It is 1 
very probable that the faunas in each basin derived certain 
peculiat characteri st ics due to isolation alone. 

Stili another factor that has brought about difficulties in 
correlation in West Coast Tertiary has been the ratlier genera! 
poor preservation of the fossil material, The Tertiary beds 
have been extensively folded and tilted and this deformarion 
has rcsulted in the leaching of the original material of the 
shclls, cspecially in the sandstones and shales. Iu tensi ve cot- 
lecting will in time remedy this difficulty as well as bring to 
our knowledge a larger number of localities vrhere the fossils 
are in a better state of preservation. 

While the invertebrate faunas of the Tertiary and Recent 
have l>een so differentiated by temperature and land barriers 
that eveti local correlation is difficult by means of the fossil 
invertebrate faunas the great land mass offered favorable 
opportitnities for a widespreatl distribution of the mammallan 


Digitized by Google 


Original from 

HARVARD UNIVERSITY 



Digitized sy 


Google 


Qriginal frcrr 

HAKVAKD UNIVtKSUY 



DiyiLiztiJ jy 



Original frorr 

HARVARD UNIVERStTY 



805 


Fost-CretacEous For m atmi n 5 


farnus. The discovery of lanci mammais in coiincction with 
the marine faunas is of grcat assistance in establishing the 
sequence. The correlation table (Table i) js in part based 
npon snch discoveries. The recognltion of the position of the 
Miocene and Pliocene of Southern Califomia was dne to the 
associat ion of marine and continenta! deposits. 

In presenting a correlation table of this kind one of the 
first things that will be asked is the author's point of view in 
attacking the problema. The point of view acccpted is that 
diastrophism is the ultimate basis for geotogical divisions. In 
other words the divisioris recoguized in this paper have lieeii 
made on the basis of stratigraphic breaks which are believed 
to be more than local. It is also important to note that every 
stratigraphic unit thus recognized is also represented bv a dis- 
tinctive fatma, belonging to a distinet epoch of depositio». 

TERTIARV DIVISIO XS 

There are at least five major divisions in the Tertiary of 
the West Coast, which in the writers estimation should be 
recogmscd as representing truc periods. Each one of these 
five major divisions is composcd of more than one stratigraphic 
and fannal division, that is, more than one epoch of depositiou. 
Each epoch is represented by a distinet fauna that lived in a 
distinet sea. The deposits belonging to each of these major 
divisions will be referred to as a series; tlitis, the Eocene. Oligo* 
cene, lower-middle Miocene. npper Miocene, and Fliocene series. 
To the deposits of each epoch of deposition the term “group" 
has been applied. The term "formation” is reserved for the 
lithologic rnember within the group. 

eocene rERion 

Duriiig the Eocene period on the West Coast there werc 
at least three epochs of deposition as indicated in the correla¬ 
tion table and some Information suggests that there may have 
tieen five. At the present time, however, only three distinet 
stratigraphic divisions have been definitely separated. These 
are the Martinez (Iower Eocene), Meganos (mtddle Eocene) 
and Tejon (upper Eocene). Crustal movements of consider- 
able magnitnde occnrred betweeti each of these epochs, In 
the region of Mount Diabio, middle California. there is a 
marked differente in dip and ^trikc between the Martinei: and 
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Meganos Groups and tlits is also true o! tlie contact betwee» 
tlie Meganos and Tejon. Over largae arcas uj> and down ihc 
coast where sectioni of the Meganos and Tejon depositi occtir 
in contact there is an angular imconformity separating tlie twn. 
The marine f a anas of tlie three divisions of tlie Eoecne differ 
greatly from each other, further s.thstantiating the strati jraphic 
evidtnce of a marked hiatas * 4 

COKRCr.WKIN (JK KOCENK [Il-POSITS 

The eviilence for the correlatiott of the West Coast Marine 
Hocene with tliat of tlie Gnif ati <1 East Coa.it provinces and 
through them with Europe is based tipon the ideiitity of specio 
or tlie prescnce of ecpially related fornis common to tlie tuo 
regions. The evidence appears to be stronger for the correla- 
tion of tlie Meganos and Tejon fmiddle and upper Eocenri tlian 
for tlie lower or Mariiitez Group. There can tve very littk 
donbt luit that dnring those epoclis of time tbere was a direcl 
omncctioTi botnevu tlie GtiJf of M ex ico and tlie Pacific Oeisin 

CLIMATE 

The climate duriiig tlie Kooene of the West Cuast was snl(- 
tmpical or possihly wann temperate ratber than tropieal. Tlir 
arkosic character of tlie Meganos deposits, a character ven 
gctieral 011 the West Coast, strongty suggests that we are -Ical- 
ing with depositis wbicli were derived from an arid latui inan*. 
wliile the Tejon sandstmics are at most loealities in Califomia 
eomposed alnlnst eiitirely of pure tpi&rtz praius, huliciitintj 

Iiuinid elima de conditionis at that time. s 

riLIOoCKNE 1 ’F.Rion 

Accmmilated evidence appears to show tliat there were iw" 
distinet cycles of depositton during the Oligocenc on the \V<s 
Coast, The two cycles are the Molopophruus Hncolnensh and 
.Veila gettyslurgensis zones of Dr. C. E, Weaver, They utll 

1 OkktrsLTi, R. Ii., Ijugg uf i]ic Miiriiiivz Erurni*; of Oiliiuiiih 1: 
Tlyll. Dcpt. Gc«L Uiiiv- Olli forma, viJ r 8 , No, fi, pp, tij-iHo. 1 ^: 4 ; anil 
Cbrk, Ii. L- The ^ronp h a iicwly recognized divkmii in ik 

Hocnie of Otlifornia: Rulh Geni, Soc. of Am.. vol. pp, jSi-sjG. 
Junc iqi8. 

5 Dickerson* R. Clitmtic znnps of Martincz Eocono liitic: l 3 rtv 
Califnrma Acati. ScL 4U1 Ser. vn i. y a Xn. 7, pp. ttjtv 196, My.j. 
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he refcrrcd tu as the Lincoln and San Luienzo gryups.“ Retent 
fiehl work of the anthor in Washington anrl Oregon has shown 
faitly conclusively that there were at least two distinet ejiochs 
of depositiori in tliat region. The writer believes that this 
will prove to he tlie case in California when inore detailed stndy 
on the stratigraphy of the Oligocene over wider areas has been 
completed* It is certain that :he two faunas first diflfereiitiated 
in Washington are also represented in the same sequetice in 
California and the Oligocene series may there fore he cousidered 
as being made tip of two distinet epoclis. 

The aggregate thickness of the marine beds of the ttpper 
and lower Oligocene of the West Coast excet-ds to,cw fwt* A 
large part of these sediments consists of shales and shaly sand- 
*tones. 

CORRE^ATlON’ 

The evideiiee fui the gencral correlatio» of die Wot Coa st 
Marine Oligocene dejiosils is indirect. No inyertebrate species 
or cveii apparcntly related forttis have beeti reeognized as com- 
mon to the Oligocene of the West Coast and that of the Gnlf 
pnovince. The fatuial evidence at haud seems to shovv tliat afler 
the close of the Tejon epoch (upper Eocenc) there was no 
direct connection between the Atlantic and Pacific Coast basins. 

Dr, Ralph Arnold was the first to annotmee the presencc 
of Oligocene in California, The type section of the San 
Lonenzo formation is in the Santa Crnz Alountaius of the 
Santa Crnz qnadrangle of California. 7 Dr. Arnold coiichtded 
that tlie San Lorei izo format ion is of OligOCcile age because of 
its stratigraphic ]josition between heds gencrally recogmzed as 
nppar Eocene and lower Mioceiie ( Vaqueros). He alst> ohserved 
that the fauna of the San Tvorenzo appeared to ha ve hotb 
fuicene and Miocene affinities. Later stedies of the fauna* of 
tlie Lincoln and San Lorenzo horizon* have borne ont Arnold'* 

1 Wmkt, C- It-, Tcriiiifj- formntiun* of wv^urn \\ adiingion; 
Bull. 13, Washington GeoL Survey, pp. ]Qt6; 

-—Prdiniinary noie on the pulcontology of wcsutii Wash¬ 
ington : Bnll. 13, Washington (3coJ. Survcy* pp, i-ffo. 191*; 

--—Tertiary fannal homom of wtsteru Washington: Pnh- 

Univ- of Washington. vol. 1, Xo, i B pp. 1-67, 1916. 

'Arnold, Ralphj Tertiary sniil Quatcrnary Pcclem of CinHfnmhi: 
Pm( t Paper, Lh S, Geol. Survey, No. 47. 1906, and 

Krnmtcr, J. C., Kcwsnm, J. and Arr-ohl. Ralph, l\ S. Gch f ]. 
Snrvey Fnlio. S«ntn Cm* Qmnlrangle. No. 163 , \k 3 , 1909 . 
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original conci lis ion s.” At the lime tliat Arnold diti liis work 
the Lincoln horizon hact not been diffcrentiated, The fauna 
of tbis horizon shotvs a miieh ctoser relationship to that of the 
Tejon (upper Eocene) than to that of the lower Miocene, 
while the fatma of the San Lorenzo horizon, eqnivalent to 
Weaver‘s Acila gettysburgensis zone, has a Miocene aspect, a 
fairly large mtmher of the genera and species being rnmmon 
to the two. 

CLl m ate 

The temperate condit ion $ dnring the Oligocene time were 
fairly tuuform along the West Coast as far north as Alaska, 
The waters of the lower Oligocene, judging from the mollus¬ 
ca n fauna. were sub-tropical to warm temperate, while those 
of the npper Oligocene were more temperate® Thus the 
fatma of the San Lorenzo horizon (upper Oligocenel is more 
closelv related to that living oflF the coast of Califomia, Oregon 
and Washington at the present time than to that of the Lincoln. 

MIOCENE FEBIOn 

The marine Miocene of the West Coast is divisible on the 
basis of stratigraphy anrl faunas into two major series, eacli 
of which contains minor stratigraphic and faunal divisions. 
That portion of the geological section referable to the marine 
iower-middle Miocene, contains two fairly distinet cycles of 
depositiori. at lcast in cerlain areas in the State of Califomia 
and conslitutes the Monterey series. The lower of the two 
divisions of tliis series is the Vaqueros gronp, sometimes re- 
ferred to as the Turritella inezana zone. The upper division 
is herein called the Temblor group and is represented by the 
fauna of the Turritella ocoyana zone. 1 * The upper of the two 
major Miocene divisions is referred to as the San Fabio 

"Clark, B, L-. Oeciirrence of Oligocene in the Contra Costii Hilis 
of middlc Califomia: Rui. Dept, Geol. Univ. Caliform». vol. Q, No. 2. 
pp, 9-2i t 1915; 

San lomuo Serii;? of middlc Califomia; Btttl. Dcpt. Gcol. Univ. 
Califomia, vol, tt, No. 2. pp. 45-234. iQifi. and 

Clark, B L. ard Arnold. R., Marine Oligocene of the Wesi 
Coast of North America: Bull. Gcol, Soc. Ani.. vol. 29, pp, 297-308, 1918. 

* Dickerson, R. E„ Climate and its influente upon the Oligocene 
faunas of the Pacific Coast: Proc. Califorria Acad, Sci., 4th ser.. vol 
?, No, 6, pp, 157 -J 92 . 1917 - 

“Smiih, J. P,. Geological ratige of Miocene mvertebrate fossile 
of Califomia: Proc. Califomia Acad. Sci.. 4H1 scr. Gcol.. vol. 3, pp. 
161-182, igi2. 
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series. This series is composed of three minor stratigraphic 
and faunal divisions, the Briones, Cierbo and Santa Margarita 
groups. As will be pointed out later each one of these minor 
divisions represents a distinet cycle of depositiori and lias a fair- 
1v distinctive fauna. 

MONTEREY SERIES 

The deposits of the Vaqueros sea covered a mucli more 
limited area than those of the Temblor. The question as to 
the distinctiveness of the Vaqueros and Temblor, that is to 
say, whether or not they represent several stratigraphic units, 
has been the source of considerable disagreement in time past.“ 
Xearly everyone. however. who has studied the faunas obtained 
from these beds has agreed that they are iairly distinet, one 
being the Turritella inezana zone, the other, the Turritella 
ocoyana zone. 

Retent stratigraphic and paleontological work, the resnlts 
of which are stili unpublished, 15 appear to show that at cer- 
tain locaiities in California there were crustal niovements of 
considerable magtiitude between the depositiori of the Va¬ 
queros and Temblor. The writer believes that the proper 
valnatioti of this tmeonformity is stili open to question. The 
faunas are, however, fairly closcly related and it is because of 
the obscure stratigraphic relations at various localities and 
the similarity of the faunas that the formations have generally 
been thrown together. The United States Geological Survey, 
in their more recent pubi icat ion s on the Coast Range geology 
apply the name Monterey group to this series of deposits. In 
the' writer‘s opinion the Monterey is a series rather than a 
group and is composed of two epochs. the Vaqneros and the 
Temblor. 

REI.ATJONS OF THE MONTERJ-Y SERIES TO THE UPPER OLWOCENE 

There is no conclusive evidence of crustal movements 
subsequent to the deposition of the San Lorenzo and previous 

11 Uouderback, G.. D.. Monterey series of Csliforma: Biill. Dept. 
Geol. Univ. California, vol. 7, No. 10, pp. 177-241, 1913, and 

Martin, Bruce, Fauna of the type Locality of the Monterey series 
in California: Bull. Dept Geol. Univ. California, vol. 7, No. 7, pp. 
143-150, iqta. 

"Note: Mapping by Dr. Kew of the U. S. Geol. Survey shows 
an important uticonforinity in Southern California between the Temblor 
and the Varptems. Mr. VVaynr I# 1 I, formerly of Leland Stanford 
University, is workinjj on a monograph of the Vaqueros fauna and 
believes that the Vaqueros and Temhlor represent two distinet horiions. 
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to the deposition of the \ aHjiieros, However, that there 
an important hiatus folluvvinr the deposition of tbo ut 
thest* two horizon s is bmtight uut in a comparison of the 
frumas. Yery fevv of the species of the San Lorenzo liortzon 
are foutul in the Vacjueros while on the other haud a very 
larjje pertentare of the spectes of the latter horizon are appar- 
eiitty eommoii tu the Temlilor. It is this rreat faiuial chanae 
in r"i»K from thc San Ivorenzo to the Yaqueros horizon that 
is niost indicative of orte of the major broaks. Furthermorr 
the distrilmuon of tlie heds rcprcscntiiig these Iwo horizon* i* 
very different and is important cvidence in support of thc view 
that therc is a major break fjctween them. 13 

RIKHKI-ATIc» t>i- 1HF, TKMUMUt ,\Nll TUE V,\yiKHuS 

As is thc case of the Olirocene. verv little dircet evuleme 
lias heen ohtained for the correlation, on tlie basis of thc in ver¬ 
tebra t es. of the dividons of thc Montcrey series vvitli tlie kwer- 
middlc Mioceiie of thc eastern province aml of Europe, The 
■:lt"|hjsits of the Monterey series were first referred to thc M in¬ 
cene hy Coiirad 1 * as earty as 1849, This detenti i nati 011 nas 

made chicllv 011 the reiieral similarity of the r el1cr ‘ c asseiTibla"r 

to the fauna of the Atlantic Coast Mioceiie. Following Coarail 
the fied* of tlie Montercy series were detenti i ned as Mk-ceiw 
hy Whitncy and Cahh. hoth of the old Califomia State Geo- 
logica I Survey. No attempt was made hy these pioiteet* to 
reeornize any sululivisions 111 the Mioceiie. Heds now rccnj:* 
nizod as up|x i r Mioceiie f San Fabio l were catlcd Phocen: hy 
Whitncy and Gabb. ,!i 

The rirsi annoiinceiiieiit of a correlation whicU r ave a 
fairly definite position tu tlie Temblor group appeared in » 

paper hy Professor J. C, MerriamA" Frevious to this the 
Temblor had hecti referret! hy ccrtain reolorists to tlie lowcr 

Mioceiie and hy others to the Olirocerie, In the region nf 

Xorth Coali nra the land formati 011 locally known as thc 
lllne was fntmd iuiercalatcd witli beds of Temblor are inmi 

11 Clarii, h fr., i>;m Lorrriz.) *>f Middk ColifoDun: l’dl. 

J)epl. L"niv, CiiUfomiin vel. 11. Xa J, p. iDg. UjlH. 

CniiTinl, T. A.. 1 ‘ussils fnnii imrtli western America : (jc l 
S. FxpHitiw, vo). i„ ap|»„ pp. 7-\v.!0. i&W. Proc. Acati. Xnt S’f 
Philadelphia. vot. 7, p 441, iH.U 

'*Galih, W. M., Califomia (ictij. Survey, Paleorttolojuy. vok. i 
«intl 2 . 1864-iW^. 

"* Merriam, j, C., Terti a ry ve rt durat e fauna s of the Xorth Cid 

i 11^:1 rc^inii nf Califomia: Traiiv Ani. PliiUis. Six.\, vol. 22 . Fl X 

pp. 1-44 
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wbicli a £00(1 marine fauna Jias been obtained. The lieds in 
the Ccalinga field mapped as Yaqueros by the United States 
Geological Survey belong to the Temblor liorizon. The depos- 
its known as the Big Blue were first cousidered l»y Arnold and 
Ander«on lT as a part of the Santa Margarita (upper Miocenei. 
Later mapping. however, showed that the Big Blue is more 
dosely connecterl vvith tJie Temblor (the so-catled Vaqnerosi 
than to the Santa Margarita of that section.’* 

In deseri bing the fauna obtained from the Big Blue, Mer- 
riam says: 

In tenns of Ilie vertebrate series of Western Xorlh America tlu- 
fauna of the Merydiippus zone in the Xorth Coalinj^a rejfion is detirly 
earlier than the lower Mioeene and tiot later than upper Mioccne. 
The fart that llu 1 Itlnr rom« in a seclum wliere ihe Tcnlhlnt 

deposils are very thin. and w( flsitik are oiilv the top of tliat sectiou. 
tnakes it seem reasnnable to hetieve that tlu* Temblor tlepnsits a$ a 
svliole liclnnjj; to tlu* nuddle Mificfnc rather ihan te a part of the 
upper Miocene, 

A elue to the age of tlie Yaijueros deposits wat* obtained 
very recently hy tlie disctwery, near tlie sotttli end of the Sati 
Joaqutn Yalley. of land-laid deposits intercalated with marine 
betis of Ya que ros age. Beds helow these land-laid deposits antl 
the marine beds immediately ahove are believed to represeut the 
sanie liorizon. The announcenient of the discovery of a verte¬ 
brate fauna from these land-laid beds was recently made hv 
Dr. Chester Stock. ,n Tliese Continental betis, referred to as the 
Tecuja Beds, were tentatively correlaietl by l)r, Stock, with 
the John Day horizon of Oregon. Ile reports the prescnce ot' 
Tlypcrlraguliis, a form rclstcd to the carly carneis and docr, 
Hypertragulus occurs botli in the upper Oligocene and the 
lower Miocene bnt the spectes from the Tecuja beds seems to 
be more dosely relatcd to the John Day forni i upper Oligo- 
cene) than to that famul in the lower Roscbud (lower Mio¬ 
cene) of the Great Basin province. While Dr. Stock has indi¬ 
ca ted the relatiottship of the Teetija vertebrate fauna to that 

11 Arnokl, K. untl AihUtsijti, R.. (rentovy ;isu| Oil Uv^rrcc* * >i iN* 
Couliii^u District of Califomut: U- S- GcoL Suirvcy ItulI pp, 3-169. 
J C^> 

Arvclersori* F. M. fc rtnt) Martin» H. + Xcuctriu- rcconl of {h* TVniliJor 
Ru.sin, Califomta ;n<\ Xtomic cleposiis of ihc Sun Jiuw [)i*tricL Sun 
Lui* Qbisfio Courtty» Prnc. Califcmust Acad Sci, 4t.f1 voL 4, pp. 
I5-U2 t 1914. 

lB Stock, Chester. An vnrlv TVrtuirv ^crirhrutv fu tum from ihc 
smithefn Cou^t Runces uf Ciilifnrniu ; lltill. Depl- Geni, L'mv, Cu1ifni J ni;i L 
vol. \2 t Xcl 4, pp. 2*17-^76. 
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of thc John Day he has also stated thac it may occupy a pcm- 
tion in the Tertiary transitional betwecn thc Gligocetie and 
Miocene. It seems to the writer that the stratigraphic and 
palesntologic evidence favors the lower Miocene age of these 
beds rather than the npper Oligoccne. The most imponant 
evidence in favor of this last coticlusion is that the imertebrate 
fauna of tfie Yatjueros is very closely related to that of the 
Temblor, a very large percentage of the species being common 
to these two fannas, Some of the forms listed are types of 
coii side rabie ornamcntati.cn and complexity and are gencrally 
known to liave a fairly short geological range. On the othtr 
haitd, the known fauna of the Vaqueros is very different from 
the known fauna of the San Lorenao and a gTeat faunal break 
occurs between the Sati Lorenzo and the Temblor* In the 
section at ihc south end of the San Joaquin Valley where the 
Tecnja beds oceur. the Vaquercs rests directly npon the San 
Lorenzo. 

SAN' PAULO SERIES 

The San Fabio series is recognized as the second major 
divUion of the Miocene. Uke the San Lorenao and Monterey 
series, the San Fabio is divisible into minor units on the basis 
of stratigrapliy and faunas. The faunal changes and discon- 
formable rdationships of the beds indicate that the sea advanced 
and retreated three times in middle Califomia during this 
period, It is only in middle Califomia that we find thc cout’ 
plete sequence of the npper Miocene series* The two lower 
tlivisions of the San Pablo series, the Briones and the Cierbo 
pp‘Oups, , ° bave been recognized only in this general area. 

STRA71CRA PHIC REL ATTON S 

In certain sccttons immediately east of or in the Salinas 
Valley, a distance of not more than one hundred miles from the 
San Francisco Bay area, we find evidence of crustal movements 
between the Temblor and the Santa Margarita which ha ve beer 

" The use of llie term San Pablo for the upper Miocene series 
of depossts on thc West C<wst makc? it necessary to dispense with the 
tertii San Pablo witbiu the itroup. The naine Cierbo will therefotc 
i>e used in tliis paper in referrinjf to tihe middle group of ihe San 
Pablo series. The type sertion of the Cierbo is on the South sitit 
of the Cana da de! Cierbo near C?.rquitiez Straits, Santa Margarita 
is a na me in common use for the upper portion of the section in the 
southem p»rt of tHe state of Califomia and will be applied as a 
general name for thc upper member of the San Pablo. 
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described as mountain uiaking. In the Salinas Valley region 
ir is not uncommon to findi the clifference in dip between the 
Temblor and the Santa Margarita as mnch as 30 or 40 ckgrees 
or even more* together with inarked difference 111 strike. Dr. 
Arnold. in describing the movements that canscd tbis uncoii- 
formity* says;* 1 

One of the widcsfjrcrul and important ptrintU of diast rupti i*m 
in the Tertiary bistory of the Pacific coast was lhnt immediatcly fol- 
lowing the depodUon of the Monterey or towcr midrile Miocene, Its 
effects are visible from Pugct Sound to Southern Califortiia, It is 
markert as much by readjustment, by local faulting and fclding as by 
ffenenl movemejits of elevatinn and Hibsidencr. In some reginns the 
fnldirtg nird fanltinj? were int^ns^ ? \he greatest di «turbantes nccom- 
panying the uplift of the mmintain ranges to an althtide of thon&unds 
of feeL In other regions low broad folds wcrc formed during the 
post-Monterey disturbante. and ah e strata wcre not upheaved to a 
great altitude Fauiting on a most magnificem scale took place ai 011 k 
the earthquake rift and certain other fault-Jton.es* cspemlly Ihat tu 
the Salinas Valley. and along thepe lines of displaccment, mnsses of 
granile rocks. whieh duritig the precedistg epoch had heen subject to 
little or no erosion* were suddenly thrus:: upward atid left exposed 
to the ravage* of streams that assumed the proportions of torrent* 
in certa in regi otis, as for instante adjacent to the Carriio Plain h 
south^central California. The post-Monterey diastrophic movements 
in the Fuget Sound pro vince also produccd sliarp relief as is evi- 
denced by the coarse sediments immediately followmg the dis 4 urbanct. 
The locaUzation of move merus during the period is exemplificrf at 
numerous localities in the Coast Ranges. 

Throughout much of the Coastal belt. and pTolxibly likcwise in 
the interior* gre.it volcnmc acti vite took place ilurin*? the umltlle M hi¬ 
eme. 1 his bcin^ ttic last e pocli of volcnnistn in the Ccj&st Rances, 
south of San Francisco Bay. 

It is mterestiiig to note that otily a comparatively short 
di st ance to the east of the Southern Salinas Valley area where 
the great unconformity between the Temblor and the Santa 
Margarita deposits is best seeti, that it has becn very difficult 
to fmd the line separating these two horizons. Roth the Santa 
Margarita and Temblor deposits in the soutliWestern part of 
the San Joaquin Valley are composed of organic shales and in 
consequence of the difficulty in separating the two horizons tlie 
United States Geological Survey has applied the name Mari- 
copa shale to the deposits as a whole. No marked stratigraphic 
break has been found in middle Catifornia between the deposits 
of the lower San Pablo series (Ihe Briones group) and those 

31 Arnold, Ralph, The cnvironiuerit uf the Tcrtiary fatinas of tbc 
Pacific coast of the United States: In 0111 lim i > of grnlngy, Willis und 

Othcr& p p, 236 h IpTOj 
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represctiting tbe Temblor. I Iere the beds of these two horizon* 
are paralie!. the cliief basis for making tbe separaiion lieinj; 
irrcgular contacts and the diffcrcncc bchvccn the fautias, Tliti* 
iti this part of the State of Califomia we have no evidence of 
crusta! rnovements having taken place immediately alter the 
depositior of the Temblor beds. 

COUREI.ATJON' 

Direct evidence for the correlatiou of tlie San Fabio H‘rie> 
vvith tbe eastern and European sections is laeking, The w-riter 
has presented the evidence for tlie correlatkm of this group in 
a former paper, 33 The correlatiou is based upon au aiialy^is of 
tlie fatum by the percentage method and the evidence afforded 
by the occurreitce of vertebrales iu beds immediately above and 
helow the Sati Pablo. The folio witig quotattotis are laken 
from tbe above-mcntioned paper: 

Tire pcrcentage- of Recent molluscan species in lhc S:m P:nU *«i 
mkldlc Califomia as listcd by the writer is 2 .} pkts; as liased upf»n 
tlie gastropntfs the pcrccntage is ontv ii per eent, Jf we ihc the 
percetilage? as applicd lo tlie east eonst Xeoectie and if we cti:i rely 
upon the equal re tine mcnt in the determinat ion of the specie', the 
Smi Pablo may lic cmi>idt,TCel lo lie tippcr MiocvtU 1 in ape. jwsmM) 
lower Pliocetie. 

PmbahJy tbe he*l evidence *di<v«iinij tbe ;ige of the upprrmoyi 
beds of tlie San Pabln of middlc Califomia comes from vertebrale 
inatcrial obtained in the fresh-vater beds which in middlc Califnmiii 
overlie uneonforiiiaMy the San Pablo grnop, Tlus materia! «is 
described by Professor J, C. Merriam in his paper '"Vertebrale Fiuitia 
of the Orindan and Siestan Heds in iniddk' California."’ [Bidi. IV|'< 
Geol.. Unie, Californk, vol. 7, 191.?.] His conclusions as to tle aije 
of these beds as shotvii by the vertebrates are as follows: "The 
mammalmn remains known from both the Orindan and Sicstan u|» ro 
the prcsetit time ali represent fornis sucli as migh: bc expeded in 
the Lite Miocene or in tbe earliest Pliogenc, but it will be n.ete?*.iry 
Imih tu have bettei materiat from tlie Orindan and Sicstun smt tfl 
lia ve vicll-knovvn famias of western Miocene and Plioecne for cnm- 
parison before the b.st work 011 tbe age determination can hr pro- 
notuiced. 

‘'Considering the mdefinileness of ali tlie factors concernet) oa c 

wouH not secui jnstricd in hehig more ilchnitc thin to $i:ik< tTint tht 

Orindan and Siestan fa unas are near a late Miocene stage, Whtu 
the farinas of tbe two format ions are better knowrt, it may a^pear 
that more than onc stage is rcpresentcd. t ' 

The reader will remember from the discussi011 of tlie as e 
of the Yiqiteros tliat the vertebrate fauna obtained froin tbe 

3 Clark, B, L.. The fauna of the San Pablo group of middlc 
Califomia: Bull- JJept. Geol., Unii’. Califomia. vol. 8 , Si), jj, p. JJf), 
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!lig Hlue formation which is perhaps iutcrcalated with Ilie 
Temblor deposita in the resjion to the nortli of Coalinga vas 
determined bv Dr. J. C, Merriam as beiug not later than 
mtddle Miocene. In the sanie section the Santa Margarita 
formation is found imcon forma blv above the IJtg Bine and 
marine Temblor beds. Alsa. as will be brought out in a dis- 
cussior of the Pliocene, a lower Pliocene vertebrate fauna was 
found in land-laid. beds resting unconformably npon the Santa 
Margarita formation. Thus it would stem tliat if wc cau trusi 
the correlation on the basis of the vertebrates there can be verv 
little doubt as to the age of the Santa Margarita group which 
comes between beds containing these vertebrate fannas, cne 
not earlier than tniddle Miocene. tlie otlier not later than lower 
Pliocene. 

rt.ioaixK eo;hiop 

The marine Pliocene of the West Coast as now recognized 
is divisible into at least three stratigrapbic units. the Jacalitos. 
Merced and the Sangus. Continental deposits are found in 
different parts of the Coast Kanges represonting ali three of 
these horizons and in some instaiices. to which rcference has 
already been made, these Continental deposits are found closely 
nssociatcd with the marine beds, 

The crustal movenients vvbicb occurred between the deposi¬ 
tum of the Santa Margarita group and the Jacalitos were not 
as great as those that occurred between the Temblor and Santa 
Margarita groups. Ifowever. it must be rememhered that the 
evidence for the latter unconformity is found thmughont a 
comparat i vely limtted area and where it is best developed the 
Rriones and Cierho groups are absent. It may well ha ve been 
the resuit of folding which vas going on from the close of the 
Temhlor to the close of the Rriones and there fore very prohahlv 
represents a much longer lapse of time than that between the 
Santa Margarita and the Jacalitos (lower Pliocene ). Dr. 
NomlamTs study of the Sarta Margarita and Jacalitos famias 
has shown that the hiatus between these epoch* was more than 
locah i3 

3 Xonthmd, J. Fauna of the lower Pliocene at Jacalitos Creek, 
California: Bult. Hept, Geo]., fniv. CdifnroU, vol, 9, No, 14, pp, 
199-214, tgi6; 

Nomlrmd, J. 0 ,, Knima of the Santa Margarita heds in the 
aorth Coalinga r-eftion of C^lifornia: Bull. Dept. Geol h Univ. C:i 1 i- 
fornia, vol. lo. Xo. i8. pp*. 293-326. 1917» 
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The faima of the jacalitos (lower Etchegoin) is very dis¬ 
tinet frem that of the Santa Margarita (upper San PabloV 
None of the highty ornamented gastropods, pelecypods or 
echinoids have been foutid common to the two horizons. The 
percentage of recent species in the Santa Margarita is imtch 
less than in the Jacalitos of Nomland. 

In 1893, Dr. A, C Eawson named and described the 
seetion of Pliocene deposits occurring on Seven Mile Beach. 
San Francisco Peninsula, a few miles south of the Golden 
Cate. The Merced series, a.i the deposits wcrc named, is wcll 
exposed along the sea-cliff at this locality and cxceetls 5800 
feet in thickness. This series is equivalent to the lower and 
mkldle Pliocene deposits in other parts of the Coast Ranges. 54 

What is probably the largest and most important strati- 
graphic break in the marine Pliocene js found in the Fernando 
series in the region jnst north of Los An geles. Los An geles 
Coimty. iS 

Over a fairly large area in that region there is a marked 
difference in dip and strike between the lower and middle Fer- 
nando (now referret! to as the Pico formation) M and what Itas 
heen previomly referrer! to as the upper Fernando. The betb 
of this iipper horizon contain a very large percentage of Recent 
species. The Geological Survey proposes to use the nani e 
Sangus formation for the npper part of the Pliocene. It 
hercin referred to as llie Saugus Group. The faunal break 
between the Saugtts and the Pico is very great and indicates a 
great lapse of time. Indeed, the difference is so great that the 
question mav be raised as to whether the Saugus does not 

a 'J^nvson. A. C.* The Post-Pliocenc diastrophism of the co»>i of 
Soiithcrn Californiii: BnlI, fJept, Geo!.. Univ. Californiii, vol. i- NV 
4, j}p. j 15-160, fHoj: San Francisco Folio: tJ. S. Gcol. Survey, No. 
163, p, 13; and Skvtch of the Gcology of the S;m Francisco Peninsula 
U- S. Gcol. Survey, Ijth Ann. Rcpt., pp. 399-476, 1893-4, 

'■ Kklridpc, G. ]f., and Arnold, R. N„ Santa Clara Valley. Piientr 
Hilis and Ix>s Augelcs Oil Districts of Califomia; Bull. 309 L‘. S 
Gcol. Survey, pp. 1-259, 1907. 

AmoRI. R.. and Amkrs«n, R-, Gtolopy and oil rtsourrcs ot the 
Santa Mari» Districl, Califorma: U. S. GeoL Survey Bull. jjJ. PP 
1 - 1 : 57 . 1907. 

Kcv, W. S. W.. Structure and oil resoiirees of the Simi vrul*y 
soutliern Catifornia: Bull. 691 M, U, S. Geol. Survey, pp. J.23-355. 

= * Tiie nam e Pico formation has been used by the U, S. Geol. 
Survey in a stili umpiiblished worlc, for deposit» formply referred 10 
as the lower and middle Fernando. The Pico and Saugns fomations 
comprisc the Feritando group in Ventura County in tlic U. S. Geo! 
Survey nomcnclatnre. 
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belong to the Pleistocene ratlier thati to the Plioeene, If so, 
the West Coast Pleistocene formations have been generally 
folderi. 

CORRELATIO 5 

There has been considerable confusicii in the past as to the 
proper sequence of the Plioeene The reasons for this confu- 
sion appear to be due to two factors: first, the basins of depo- 
sition during the Plioeene were more local and isolated thau 
thev had been during previous periods, and second, temperature 
conditions varicd radically from one locality to another. It is 
very probable that both of these factors contributed to the 
great differentiation observed in the faunas of the various 
pro vinces but the writer believes that the latter factor, tempera¬ 
ture condition, was the most important* The great confusiori 
as to the proper sequence of the numerous formations referred 
to the Plioeene is refleeted in the many names which have 
been given to these beds. Beginmng in Oregon we have the 
"Empire” formation; in northern Califorma, the “Wild-cat;” 
in the region of San Fraucisco Ilay, “the Merced,” and a little 
to the south of this, the "Purissima.” The "Jacalitos” and 
“Etchegoin” formations occur in the Coalinga region, and the 
“Pernando” and "Sangus” in the Ventura district. Stili farther 
to the south are the "San Pedro Plioeene” and the "San Di ego 
Plioeene” sections, Certain of these formations, the "Puris¬ 
sima/' "Jacalitos,” and "Etchegoin” have in the past been cor- 
related with the San Pablo upper Miocene of middte California. 

During the Iast few years our ideas of the sequence of these 
formations have been radically revised as a resuit of detailed 
studies of the faunas, The writers study of the San Pablo 
series has convinced him that the faunas of that series belong 
to au older horizon than these of the Jaealitos-Etchcgoin, 
Purissima and Pico, judging from the porcent age of recent 
species in the latter beds. Later work by Dr. Nomland on the 
Jacalitos-Rtchegoin in the Coalinga region seems to corroborate 
this conclusion. The most conclusive data we have indicatjng 
the Plioeene age nf these formations are the fnssil land verte- 
brates in the so-called Jacalitos-Etcliegoin of the Coalinga dis¬ 
trict. The vertebrate remains were obtained from three dis¬ 
tinet horizotis, one, in what had been mapped as Jacalitos, a 
second, in the middle of the type section of the Etchegoin and 
the orher at the top of the Etchegnin. Professor J. C. Mor- 
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riani. to whom this materi a 1 was referret! for study, Itas deter- 
minet! these faunas as of Pliocene age. The lowest fauna, the 
Neohipparion sone, Dr. Mcrriam referred to as bcing not oldtt 
than lower Pliocene. The second horizon is well up in the 
Pliocene and tlie faura frorr the upper Etchegoin is referret! 
to as the Pliohlppus proversus zone and is of the upper Plio¬ 
cene age. It is interesting to note that stratigraphically ahtivt 
the uppermost Pliocene fauna in the same section, thefe are 
severa! thousand feet of landdaid deposits whtch are foldd 
and are older than the Pleistocene terraces of that region, .Xn 
definite evidence, howcver, has heen obtained from these upper 
beds to indicate their exact position, but it is suggested that 
they may be tlie land-laid cquivalent of the Saugus of that 
vicitlitv. One of the most interesting results of the study of 
the invertebrate faunas of the Pliocene is tbe evidence of tem¬ 
perature differentiation. The fauna of northern and middlt 
California (iucludlng the faunas of the Wild-cat and Mercedi 
are cssentially borea! in character. In the Southern part oi 
Califomia the Pliocene is, for the most part, represented bv a 
fairly warm temperate fauna. These two faunas, the boreal 
and warm temperate, have very little in common and conse- 
quently it was a long time beforc their contemporan ei ty wa‘ 
recognized, The solution of the problem was obtained from 
the fauna of an intermediate area. The fauna of the type 
section of the Purissima in the Santa Cruz Mountains is in 
part boreal and in part warm temperate, Certain species very 
common in the north were found in this section in beds witli 
species also found in Southern faunas, sorae of the fornis bein£ 
fairly highly ornamented. A very great deal of work stili 
remains to be done in detailed studies of the Pliocene fauna* 
but we now fed certain that we can reeuguize two gcneral 
horizons, the Merced and the Saugus. More detailed studies 
of these faunas may Iead to further subdivision of these groups 
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CORRELATIQN OF THE TERTIARY FORMATIONS 
OF CENTRAL AMERICA AND THE 
WEST IN DIES 

Bv T, Wavland \'augan 
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Standard sections of Tertiary formations in tlie sotiiheasUTii 1 ‘nttrd 
States. 

Standard secttons of Tirtiary formations in Central America and the 
West Indics. 

Panama. 

Domiti i cau Republic. 

Type loca] ities of subdi visioni of the Tertiari- system in tbe West Imites 
and Central America. 

Eocene. 

Oligocene. 

Middlc Oligocene. 

Upper Oligocetie, 

Miocene 

PUocene. 

C unci usi on. 

Tabular summary of sonie important evenis in tlie geolui;ical hi>' 
tory of ihe West Indies and Central America. 

Ribliography. 

Ixtrciductidn’ 

Because during a considerable part of Tertiary time there 
was marine connection between the Atlantic and Pacific occans 
across the site of what is now Central America, the Carihbean 
region is critical in the sohition of problems of geological cor- 
relation in the Pacific region. Long ago J, Carrick Moere 1 
qnoted Sowerby as authority for the resemblance of tnany of 
the fossi! shells from Santa Domingo to Recent species inhabit- 
tng: tlie seas of China, Australia, and even the Western coast of 
America.* P- Martin Duncan noticed a simi lar resemblance 
among tbe corals,* and said: 


The prescitcc of species of Alveuporu, Stylophom, [‘labellum. Phiv<>- 
trochus, Rliodiiiiiri, Astituta, Cotlori», ttc., in the raisrd curat forma- 
tions must refer to a different conditton of tlie physica! circumstantes of 
the West Indian seas from that now existitig, and to thosc peculiarii i es 

■J Carrick Moore, On some Tertiary beds in the Islaiid of San 
Dominio: from the notes of J. $, Heniker, E«|.. witli reniarta on fos* 
'.iis: Geol Soc. London Quart. Jour, vol 6 . pp. J9-44, 1850. 

* Op, cit. t p. 43. 

* Duncan* P. Martin, Oh tlie fossil toral* of the West tndism Islaiuls: 
l'Xr 1 : Geol. Soc, Londnit Qiiart. Jour, vol. it? K pji. 407-4^8, pl. 13-16, i86j t 
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of clillfeitc, id scii-ricptli. piirily ;uu1 fnrce <>f m-;l, ;m<l of creist-line, whicb f 
.ire noticcd in tlic occari lictween eastern Africa, and. America. It is 1 
wortliy of notiee that. at the present time, the Australkin, Pacific, and ] 
ludum Occan cor ais differ as a rtllc in species and often in genera, that '] 
the nearest coral-reef is hundreds of miles to the wcst of the Isthmii' 1 
of Panama, and that Ilie corsis of the Atlantic are few and far be- 
iwecn: yet tlie existiiiK coral procinces are nll irpnsnitrfl in the Mincene 
beds now under cnnsideralion,* i 

Dttring recent years the vohime of in for matiori on thi> ■ 
subject has rapidly increased. For instance. M. A. Howe 
(1919, 2 t p* n ) States that Archaeolithothamnium afn)ie M. A. 
Howe from the middle Oligocene of Ati tigna has tts dosest 
relative in A , sibogac A. Web. and Fosi of the regio» of the 
Sulu Archipelago, Borneo, and Celebes. Matiy species of fora¬ 
mini fera fossil iu Central America, the West Itultes. or the 
soutbeastcrn United States find their nearest living relati ves in 
the Indo-Pacific region. Kegarding the foraminiferal fauna of 
the lower Oligocene I lyram calcareom mari of Mississippi. 
Cusbman (1920, 6, 7 ) says: "Its fauna shows that the larger 
proportion of the species are closely related to or identical with 
those now livitig in the general Indo-Pacific region.” Species 
now living in the Indo-Padfic are Texiuiaria folium Parker 
and Jones, Bolivina omygdalacformis H. B. Brady, B. nitida 
H. B. Brady, Parker and Jones, Haueriua fragilissima H. B. 
Brady. Tlie evidence supplied by the foraminifera niight bc 
greatly increased; for example, Operculina, a genus abundanti) 
rcpreseiited in tlie upper Eocene and Oligocene and present in 
the Miocene of the Caribbean region (Cushman, 1921, 5 ) 1 1? 
now extinct in the Atlantic Ocean but is tommon in tlie tropical 
Western Pacific. 

The corals have been sbown by niy own work to possess 
grester affmities with In do-Pacific faunas than Duncan recog- 
nizecl fVatiglian, 1917, 1: 1919. 4 ). For instance genera noi 
recognized bv-Duncan in his study of the West India» corals 
that at present occur in the Indo-Pacific but not in the Carib¬ 
bean region are Galaxea. Pavona, Lepioseris. Haloseris. Dip- 
loastrea. Astreopora. and Emlopachys. Tackson lias fouml 
similar relatlons among somt uf tlic echinoids (1921, 3); and 
Maury (1917. 2, pp. 421-422) and Vaughan and Woodring, 
(1921) aml Woodring (no date, 2) have added to the knowl 
edge of molltiscan genera that are common to the Caribbean 
Terliary aml the living Indo-Pacific molluscan faunas. Among 

* Up. Cit-. pp- 455-^ 

r ‘ Sic 1iiMii)ifr:i|ihy ;it <-nil of jmper for complete refcrencc. 
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tlie Crustacea tlie genera Ranjna, Scylla, and Podophthalmus 
are represeitted in the Antii lea n Tertiary fomiations but are 
now ktiown Hving otily in the Indo-Pacific region. 

The facts above emimeratcd indicate tlie importante of the 
fossil faunas of the Caribbean region in the study of the bio¬ 
logica! history and geological correi at ion of both tbe Atlantic 
and Pacific basins. 

Standard Sections <>e Tertiary Formations in Europe 

The accompanying correlation table. Table i, has been corn- 
piled by Dr. j tilia A, Gardner for those areas in Europe which 
nced to be particularly considered in tbe correlation of the Ter¬ 
tiary fomiations in tbe West Indies and Central America. As 
a part of the correlation of the niiddle American region is 
made by steps through the southeastern part of the United 
States to the middle Atlantic slope of the United States and 
thence to Europe, columns are induded in the Eiiropean table 
for England, Oermany, and the Low Countries. 

Standard Sections of Tertiary Formations in South¬ 
eastern United States 

The correlation table, Table 2, herewith presented, indi- 
cates the present status of Information on the correlation of the 
Tertiary formations in the region iudicated by the above head- 
ing, With reference to tlie exposures of the Tertiary forma* 
tions, particularly in the eastem Gulf Coastal Plain, there is 
probably no other part of the world in which there is a more 
complete succession of strata. The basal member of the Sys¬ 
tem rests with a clear-cut disconformity on Upper Cretaceous 
strata. This disconformity, which represents a very consid- 
erable time interval, has been describet! in considerable detail 
by L. \V. Slephenson in tbe paper cited below. fl From the base 
of tbe Eocene up to and including the Byram calcaremus mari 
at the top of the lower Oltgocene there is no stratigraphic break 
excepi that the intercalation of liguitiferous horizons indic at es 
that there were oscillations in tlie position of the strandline. 
Some of these oscillations ha ve been described by Berry. 7 

* Stephenson. L W.. The Cretaeertus-Eocctie cmituet in the Atlantic 
Eind Gulf Coastal Plain: U. S. Geol Survey Prof. Paper 90, pp. 155 -iSj-, 
pls. ii-tq, ttxl-Eijts. 13-20, 1915. 

' Bcrry. E. W., Ernsion iiiltrvals 111 the Eocene of tlie Mtssissippi 
Embayment: U. S. C.eol r Survey Prnf Paper 95. pp. 73 KJ. text-figt. 
27-3U lOTS 
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The relations of the uppermost member of the lower Oligo- 
cene as exposed in Mississippi and Alabama to the middle 
Oligocene basal member of the Chattachoochee formation a* 
exposed on Flint River, Ga. f are not quite ciear, because in the 
exposti re on Flint River a middle Oligocene coral reef rests 
upon the eroded surface of the upper Eocene Ocala limestone, 
lower Oligocene strata beitig absem or represented only by 
fragmen ts. But beginning with the middle Oligocene cotuI 
reef mentioned there is nt> strati graphic break in the section 
until the top of the lower Miocetie Alum Bluff formation is 
reached. At Alum Bluff, Apalachioola River, and at Jackson 
Bluff, Ocklockonee River, both localities in Florida, the upper 
Miocene, Choctawhatchee formation rests upon the distinetly 
eroded surface of the Alum Bluff, deposits of middle Miocene 
age being absent, On Savaunah River, at Porter.s lamlins 
Georgia, however, a thin deposit of middle Miocene agf. the 
Marks HeatP mari, intervertes between the lower Miocene 
Alum Bluff formation and the upper Miocene Duplin mari. 

Marine Pliocene is represented in Florida by the richly 
fossili ferous Caloosahatchee mari and the less fossi Ii feratis 
Xashua mari. 

Ali of these members of the Tertiary system are fossili ter- 
otts and although the bfological characterization of each horizon 
is not yet complete so much work has been done that the more 
salient bioiogical cliaracteristics of each division are known. 
The different groups of organi sms and the principal investiga* 
tors who studied them are as follows: The fossil plants by 
Berry in a series of monographs; the fossil Foramini fera of the 
Miocene and Oligocene. but not yet of the Eocene belovr the 
Ocala limestone by J. A, Cushman: the fossi 1 coral s by myself» 
the fossil echinotds by Clark and Twitchell; the Mollusca bv a 
large number of investigators, among whom will be mentioned 
Bea, Conrad, Aldrich, Dall, G, D. Harris, and Julia A. Gardner: 
and the bryozoa by Canu and Bassler, 9 who have published otu- 
of the most comprehensive monographs on American pal e ° n ' 
tology, and a volume by the same authors on the later Tertiary 

* Viiuifhiiii, T, W„ The Miocene horizons at PorterV lamlim. 

Kt:<: Science, N. S.. vol. 31, pp. 833, 834. 1910. Also in Vcsitch, Oito. 
Stcphetison, L. W*. Prdiminary report on the gcology of tlw 
Hlain of Gcorgin: Georgiii Geol. Stirvey Bult. 26. pp. 364-360. igit. 

'Canti, R, iiiul Bassler, R. S., North American earty Tertiary 8ry"" 

: L‘. S. Nat. Mus. Ruti. to6, pp. xx+879, 279 texi-tigs^ and volume ' f 
162 ph„ 1920. 
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biyuzua, lias beeti winpkted and is awaiting piiblication. The 
fossil Crustacea have not been studied, 

From the foregoing brief statement it will be ciear that 
knowledge of both the stratigraphy and of the biologica! char¬ 
acter istics of the Tertiary formations in the southeastern United 
States has reached a stage at which biologica! comparison with 
othcr rcgions arc practicable. 

One of the important recent advances in the knowledge of 
the relations of the Tertiary formations in the southeastem 
Coastal Plain was made by C. W. Cuoke in his paper cntitled 
"The age of the Oeala limestone” (Cooke, 1915, l), in which 
he showed that the Oeala limestone ts of Eocene age and is the 
Floridian correlative of the Jackson formation of Misst£$i.ppL 
The Oeala limestone is otie of the Coastal Plain formations 
that may be directly correlated with formations in Central 
America and the West Indies; for example in the Brito forma¬ 
tion of Nicaragua three species of Orthophragmina are known, 
and of these two occur in the Oeala limestone (Cushman, 1920, 
4 . p. 39)* The correlation of the Oeala limestone with the 
St. iJartholomew limestone of the Island of St. Hartholomew 
on the basis of large stellate species of Orthophragmina, O, 
antillea Cushman (Cushman, 1919, 3, p. 55), is convincing. 
There arc othcr tic-pomts between the gcological section in the 
southeastem Coastal Plain and the West Indies and Central 
America, but they need not be metit io ned at this place. 

With regard to the corrclatioti of the Coastal Plain section 
with Europe this matter is di sciis sed by me (1919, 5 ) and by 
Woodring and me (1921). The correlation in its genera! 
features appears to be triistworthy as the different lines of 
evulence are accordant, except perhaps the correlation of the 
Chesapeake grotip of Virginia and Maryland, which involves the 
correlation of the iniddle Miocene of the southeastem Coastal 
Plain. Berry on the basis of a few fossil plants expressed the 
opinion that the Chesapeake deposits are of Tortonian age, 10 
whereas the marine invertebrates indicate Helvetian age. In 
correlation Table Xo. 2 the evidence of the marine inverte¬ 
brates is followed, bnt in my paper (1919, 5 ) I followcd the 
evidence of the small fossil flora. Berry in his paper on the 

14 Berry, ii. W . Physica! cnmlitions indicaturi hy t(ic flora nf the 
Calvcrt furiTuition : U. S. Geol. Stirvey Prof. Pap. gtt, ppv 61-73. pk. ■>, 
ia, Ujt6. 
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Tertiary formalioris of ivestcrn South America [printed iu these 
Froceedings] follous thc indicatioiis of the fossil Hora. 

Standard Sections of Tertiarv FohmaTions i\' Ckntrvi. 

America and the West Indif.s 

There have been very few at ail comprehensive, adequitdy 
characterized sections of Tertiarv formation described in Cen¬ 
tral America and the West Indies. The most comprehensive is 
that in the Dominican Republic, the descriptiori of whfch by 
Vaughan, Cooke, and others (1921) is now in press, bui 
anothcr scction that includes a totisidcrablc rangc of strata i? 
the otie in the Panama Canal zone. The strata in the Republic 
of Haiti include deposits of Eocetie, Oligocene, and Miocene 
age and a report deseribing them is in preparation by W. F- 
Woodring, J. S. Brown f and W. S. Burbank, 11 but the data 
contained in it are not yct available for general use. There 
are sections of considerable ranges of strata in Jamaica. Cuba, 
and Trinidad, but the informatioTi on them is fragmentary. 
The Tertiary strata in Porto Rico appear to be only of CXigo- 
cene and Miocene age. and a satisfactory classifkation of the 
deposits is not yet availabJe in print, On many of the smaller 
West Indian islands deposits of only one horizon are veli 
developed and these must be stratigraphically plaoed by Tefer- 

encc to jomt Standard scction in thc rcgioti or by genera! 
logical and paleontological considerat ion s. Where fossils are 

abundant this can usually be done in a satisfactory way, and 
severa 1 of the isolated occurrentes offer the hest types for thc 
subdivisions of the different Tertiary series. 


PANAMA 


The section as described for Panama by MacDonald ( 
p. 528) Is as follows: 


SUtXE SSIUN UK lltuntti KVtfr* IX illin PAX AII r \ tAXAL 
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Shell and mari limestooe 


]l To bc publishcd by Nic Dcpartmetu Travaux Public* de h 
Rcpubtiquc d s Haiti. 
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^ format ion \ colored tuflf beds K argillite, etc, 

( c. Oay beds 

8. Qituii ■{ b. Fine sandstone 

format ion f a, Arffillite 

f e. Sandstone 

y r Catinito < b. Limey conglomerate 

forniciiioii l a. SandsT<me 

^ bmestosiIr r i ^ aT * ne lim estone, many corsis 

^ ^ormatbn { ^and ^ orTTie ^ clay rocks, lava ilow, etc. 

4, Culebra j Matine carbonsecous sha1e s clay + tuf?5 p 

formation t limey sandstone 

& Bohio p5 \ Coarse and fine conglomerate and sand- 

congl ome ra tt } ston e bed s 

2 . LaiCaficadasj Vokanic debrls, nmd lava H some flows 
agglomerate < and dikes of atidesite 

*■ ?" < S ,,po ] Vokamcbreccia 

Torniatinn t 

The Culebra formation, the Emperador limestone, and the 
Catun formation are marine depnsiK and are ridily fossilifer- 
ous; and the Bohio conglomerate and the Cucaracha, Caimitc, 
and Gattm formations contain fossil plants. I have summar- 
ized the biological characteristics f Yaughan, 1919, 5 ). Marine 
Eocene deposits crop ont near Tonosi, Los Santos Prcvince, 
and probably at David. where the limestone contains specimens 
of Orthophr agmina. Fosstis have beeti describcd as follows: 
Calcareous algae by M. A. Howe (1918, I); bigher plants by 
E. W. Berry (1918, 1, 2 ) ■, foramini fera by J. A. Cushman 
(1918, 1, 2); corals by T, W. Vaughan {1919, 4 ); echinoids 
bv R, T, Jackson {[917. I; 1918, 21: mollusks by F. Tonla 
(1909, 1; 1911, 3 ), A. P. Brown and H. A. Pilsbry (191 r, 1; 
1913, 2 and 3) ; decapod Crustae ea by M. J. Rathbun {1918, 1) ; 
Cirripedia by H. A. Pilsbry (1918, 3 ). 

The fossil Mftlltisca collected by Dr. D. F. MacDonald and 
myself have not been adequately studied and eollections made 
in Panama and Costa Rica subsequent to our work in tbe canat 
zone are stili awaiting examination. The results obtained in 
Panatria are of great scicntific valuc, but when the additional 
eollections have been studied and the results made available in 

” This, h Oligwcncv—T, W r V r 
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print a stili greatcr advance will be made in standardizing 3 
geologieal section in 1 'anama and Costa Rica. 

IX5MINICAN REPUSLIC 

The geological section in the Dominican Repubiic n 
descnbcd by Cooke (1921, 5 ) and the biologica! character* of 
the different subdlvisions are presented by Vaughan and Wood- 
ring (1921), utilizing identifications of the organisms as fol- 
lows: fossil planta by Berry (1921, 4 ), foraminifcra by Cush 
man: corals by T. W. Vaughan; echinoids by R. T. Jackson 
(1921. 31 : moUusks by C. T. Maury (1917, 21 and W. P. Wood- 
rmg; Bryozoa by Cami and Bassler (1919, 2); and decapod 
Crustacea by M. J. Rathbun (1919, 2; 1920. 3 ). The geologi- 
Ccl suCCeftsiori shown on corrclation Table 3 appears to be COf- 
rect without any possibiHty of error. The section for the time 
heing must, therefore, lie accepted as the Standard section of 
the West Indian Tertiary forniations, and when it is later com- 
bined with the investigations of Woodring, J. S. Brown, and 
W. S, Enrhatik, West Indian stratigraphy will be in fairly good 
condition. Bnt provisions need to be made for the complete 
description of the different faunas and the publication of the 
results. The faunas are very rich. There are in the Miocene 
deposits, the richest in number of species, abotit 1000 species of 
Mollusca. 

Type Loca uti es of Svuoivisions of the Tertiary System 
1 n the West Inhies ani» Central America 

It has already heen stated that the best fatinal develop- 
mcnt of a particular horizon may not be in the arca of a type 
section where the successive divisions are seen in their strati- 
graphic relations. Because of the large faunas the following 
localities ha ve heen sclectcd as types of horizons or stages as 
the term stage is used by Europeaas: Upper Eocene. St 
Bartholomew limestone of the Island of St. Bartholomevv; mid- 
dle Oligocene, Antigua formation of the Island of Antigua: 
upper Oligocene, Anguilla formation of the Islatid of Anguilla, 
and the upper part of the Culebra formation and the Empera- 
dor limestone of the Panama Canal zone; lower and middle 
Miocene, the Yaque group 011 the south side of the vallev of 
Rio Yaque dei Norte, Doniinican Repubiic, with supplementa 
from the Gatun formation of the Panama Canal zone and the 
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Bowden mari of Jamaica; upper Mioccne, Cerros de Sal forma- 
tion, Dominican Republic; Pliocene, Limon, Costa Rica. 

The status of knowlcdge of the descriptive paleontology of 
the different horizons in the West Imlics except Porto Rico is 
indicated in the following table, Table 4: 

rAlJue NU. 4 . WEST l.NtWAW rAU.E0m0iXJt.IC REI>t))tTS 


Geologic Horizon and Localities 


Gmiip of Organisme and 

Authfir of Repor: 

r-* 

S ^5 

5 *o 
^ £ 
jij t: 

b. £ 

o™ 

A « 

* 

w 

(lmjfi)uv) 
auaaoSjIO *lp|mjv 

V 

& 

te 

1 ^2 ^ 

w ^ 

& U. 

— 

D< 

1 d 

4 e* 

0 pj 
&i - 

2 n 
a PdR" 

IV 

c — 

•« « 

\*z 

Calcaremis aljt.iL', 1 >y M. A, 1 iawt 
{ 1019 , 2 1 . 

a 

n 

a 

0 

Foramini fera, by j A. Cushman 
t 1919, 3 ) . 

a 

a 

a 

a 

Coniis, by T W Vaughan (191 o, 4 ] 

h 

ii 

b 

h 

Ecliiuoids, by R. T\ Jackson (1921, 3 ) 

u 

a 

a 

a 

Bryozoa, by f\ Cami and K. S. Hass- 
hr (1919, 2} 

1 0 

a 

a 

a 

Mollusca, hy C. VV. Cookc (1919. 2 1 
and W. P. Woodring (no date, 2 | 

1 a 

a 

SI 

a 

Pecapi d Crustacea. l»j Man j Rath- 
lum ( 1919. 2 ; 1920. 3 | 

1 a 

0 

a 

a 


a. Ri-poris complet ed - ti, repnrt in p re parat ion, preli mi 11 nry summary 
of famiiis puhlisKed; <i, not represeited in availalde West Indian cnllec- 
tions. Pliocene is not included in the a* it surms tri k' Itnown onty 

an the aoiitli eoa st of Culta. 

For Porto Rico sec bibi i ngra phy , Hubbard (1920, 2 ), Jackson (1921,3), 
Maury (1920, 5}, V:mgli;m ( 1919, 4). 

In ordcr to indicate liow a small groitp of orgatiisms» the 
echinoids, work out when studicd with reference to geological 
horizons a table from one of my paptrs (1921,' 7 ) is repub- 
lislied With reference to some of the species from the 
Angnillan horizon reporied also to occtir in the Antiguau, the 
rccortls are takcn from Lamhert, who reported on J. W. Greg- 
ory‘s collectiori of W est Indian fossil echinoids. Gregory may 
liavc found in Antigua a borizan a bove the one at which I col¬ 
lectori ecbninoids, or tliere might t>e an error in the mune of 
the loca 1 ity. The nanies Anguilla and Antigua are easily 
conftisect, 
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TABLE 5- WEST INPtAN ECHlttlil&s f>F STRATfrKAFHlC VALUE 


S|ivdes 


i Creta- 
cmus 


Eocene 


Gligocenc 

Mi «id It- Uppcr 


MinV 

«ik 


Codiopsis .imaurfi Cottcau .......... X 

Sa lenia scutigera (Mimster). j X 

Phy mosotnn cuben st (Egomi e)« X 
Conultis anlillensis. (Cottcau \. X 

Eanicria Ianitri fCnttcnu)... X 

1 )isf«>icU fc ji tkeoiata Desor..... X 

Caidtnstcr cubensis Jackson . 1 X 

Hcmiastcr hcrkeyi Jackson. X 

Cidaris loveni Cottcau . \ ...... 

Sismondia aut illarum Cott«U-. T .~ .... 

Pcronclla mirabilis Jackson 

Farapygus antillarum f Cottcau) | ,...,. 

Kcbinnlampa* ani illarum Cottcau .. 

ovntii-MTptntis Citippv..j.. 

deve i Cottcau ...| .- 

Asiemstoma cuWiise Cottcau. j . 

Psaidastcrostoimi jimeiioi (Cot- 

teau) .............. | ... 

Agiissiria inflati Jackson ..j. ——— . 

Frena st er loveni Ctmeaii ... 

Para ster ant illarum t CnFeau).... I .. 

siihcylindricus t Cottcau) .... j. 

Periastct elongitus Cottcau *.. | ... 

Plagiobrissus loveni Cottcau ...... i „... 

Macropneuste* ant illarum { Cot- 

tcau) ... .. : .. 

Eupatagus grundillorus (Cottcau) i... 

ekvei (Cotteau) ... 1 .. 

antillaruni (Cotteau) .!. 

cubcnsi* (Cottcau) .... !.. 

Cidaris pcloria Jackson r „... 

Sismondia anguilla Cottcau-... ■-*. 

Clypcastcr concavus Cottcau...,.. 

lanceola tus Cotteau .... 

antillaruni Cottcau ..... 

planipc talus Cottcau .. -.. 

cryptopCtalus jackson *... 

cottcau i Epozcue .j... 

liat heri Lainbcrt .... .. 

parvus Midiclin . ..... i 

oxybaplion Jackson .— .. 

Pchinararliiiius sehasltani Jack¬ 
son. . ... .. .. 

Echinolampas lycopersictis Cup- 

py- ..... . 

anguilla? C<Fe-iu .-.. 

Parjister clcvei (Cottcau) ... 

Eu patagus vaupfiam Jackson . 

elegans Jackson ....... 

Cidaris anguilla: Cottcau... - 

elevet Cottcau ..... 


X 

X 

X 

X 

X 

X 

X 

X 






X 

X 

X 


X 

X 
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TM!!,i: 5. WEST INW.VN F,CH f NlilHS (If StRAtlf-KA PltlC V.M.l fi,— Coiit illUctl 


Species 


mdittnsis .... 

Echitiometra prisca Cottam. 

Echtnoneus cyclostomus Leske ... 
EchinoI.-imiKis semiorbis Guppy,.,. 

Agassi;ia devei Cntltau . 

Paraster parkinsoni Defrance .... 

Inveni (Cotteau") .. 

Macroptieuslcs devei (Cotieaii)-. 

BrissopsEs n mi Harum Cotteau. 

Rrissus exiguus Cotlesul ....... 

Cidaris trifniloides (Lamarck).... 
Echinopedina cnbcnsis Cottean..., 
Clypeaster caudatus Jackson. 


Creta- I 
Crutis j 

^ , Oliitocctie 

Min- 

ecnc 

aci iy 

Middle 

rp|H-r 


j 

X 

X 



X 

> 



X 

It 



X 




X 



i | 

X 

■ ■■■■JIILJLJI ■ 


i 

X 



1 

X 




X 




X 


^. 

. ”.]. 


X 




X 


... + .. . . ■ 

- — 

1 X 


EupatoRus abruptus (Gresory) from ibe Bisscx Hili formatian of Rar- 
bados is an OliffOrtiie species, hut wbftlirr it cotiic* from ihe Antipaii or 
An^nillan horizon is not known. 


Lcaving out the ediinoids for whidi a tablc has becn 
given, the different horizon» will be stated, the geographic 
distribution summarized, and the reasons for fhe correlations 
indicated* 


EOCEME 

Except in Trinidad (Maury, 1912, 1), which is reaily South 
American in ita affinilies, no lower Eocene is known in Central 
America or the West Indica. and at present middle (Lutetianl 
Eocene is known only in Panama near Tonosi where a varietal 
form of Vencricardia planicosta occurs. Upper Eocene deposits. 
however, are widely distributed and where contaets may be seen 
with older formations they rest on fclded and croded Upper 
Cretaceous strata. Because of the abundance of fossil orgaiv 
isms there the type formation of the West Indian upper Eocene 
is the St. Bartholomew limestone of the Island of St. Bartholo- 
mew. Deposits of similar age are well represented iti Cuba, 
Jamaiea, the Republtc of Haiti, the Dorninicart Repuhlir, Trini- 
dad, probably in Panama and Costa Rica, and in Xicaragua. 
They may be represented in Antigua (Hussakoff, 1907). A 
part of the Scotland “Series'' of Barbados may also be of eqniv- 
alent age* The biological characteristics of the upper Eocene 
are primarily taken from the St* Bartholoniew limestone, but 
supplements are made from the Cambridge formation of Jamaiea. 
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the Brito formacinn of Xicaragua, from Cuba, and from the 
Ocala limestone of Florida. The horizon is characterized by 
thrce different groups of Ortliophragmina. One of the groups 
is stellate and some of the species are large, as much as 1 2 min. 
in diameter, O. antUUni Cushman; other species are small. O.ju/’- 
hiramctlri Cushman. The species of tlie second group are dis- 
coidal. Those of tlie third group are lenticular, that is circular 
in plan but thickened in the Central part. Associated with Ortlio- 
phragmina is Lepidocyclina and in places Carpenteria, Conulite*. 
and large species of Opercuhna are abundant. The corals in¬ 
clude a tiumber of genera that range into higher formations but 
three genera, Antii loseris, Physoseris, and Dendracis, ha ve nor 
lieen found in yotmger deposits. AU tlie species of corals known 
from tlie upper Eoeene seern confnied to that horizon (Vatighan, 
1919. 4 . pp. 193-195!. The mollusks include a nerilinoid specie 4 
of Velates sehmiedianus aspect; and there are two brachiopods. 
Argyrothcca daUi Cooke and Liothyrina vaugkatti Cooke. 

The biological affinities of the West Indian and Central 
American Eoccne to the upper Eocene Ocala limestone. the 
uppermost Eoccne formatiou of the soittheastcrn Coastal Plain 
of the United States, is obvious, and close relationship with the 
Priabona forniation of nortliern Ttaly is also Hear. Therefone 
the St. Bartholomew limestone and its st rati graphio equivalents 
are confidently correlated with tlie Ludian of France and the 
Priabonian of Jtaly. 

OUCOCENE 

No lower Oligoceiic strata have yet been positively ideiiti- 
fieri in the West Indies or Central America, but it is indicated in 
Table 3 that the lower part of Tabera fomation of the Domi™' 
cari Republic may be of lower Oligocene age because that fornta- 
tion is thick and its upper part is clearly of middle Oligocene 

age, and certain deposits of Patiama and Costa Rica jnay be of 
lower Oligocene age (Vaughaii, 1919. 5 , pp. 578-580). From 
Information at present available it appears that in some parts of 
the West Indies, especially Cuba, there was some orogen^ 
movemetit, although this was not a period of great orogeny 
Oligocene deposits are extensively devdopcd in Jamaica but the 
horizon s represented are not defmitcly known {Vaughan, 1919, 

pp, 580-581, 585). 

Middle Oligocene .'—Middle Oligocene deposits are greath' 
developed tn the West Indies, Central America, eastern Mexico. 


DiyiLiztnJ 


Google 


Original frerr 

HARVARD UNIVERSITY 



P^T-CrI-TACXuLS FuKMATIOXS 


831 


and tlie southeastern United States. Because of its abundant 
fauna the An tigna formation, island of Antigua, is taken as the 
type formation for this horizon. It is particularly characterized 
by great luxiiriance of species of Lepidocyclina. Cushman has 
described five species from Antigua, namely, L. gigas. L, undu¬ 
lata, L. undosa, L. favosa, and L. parvulo. L. undulata, which 
attains a diameter of ioo unii., uppears lo be ille largesl known 

species in the genus, exceeding L. elephantina in si se. It should 
be noted in passing that Lepidocyclitm mantelli (Morton) Gum- 
hel is not known from Antigua. It occurs at a lower horizon, 
rhe Marianna limestone of the Vieksburgian Oligoceue (Cush¬ 
man, 1920, 4, pp. 57-60). A species of Heterostegina (H . an - 
tillea) also seems to be characteristic of the Antiguan Oligocene. 
Corals are numerous, there betng about 69 species in the Antigua 
formation in Antigua. Among the most important genera are 
Stylocoenia, Astrocoenia, Favites, and Diploastrea. Other genera 
prominent in the fauna are Antiguastrea and Cyathqmorphia, and 
many species that are confined to the Antiguan horizon helong 
to genera that occur at stratigraphically higher and lower hori- 
2ons. The molluscan fauna is at present known to comprise 
only 23 species, of which 6 apptar to occur at the higher 
Aguillan horizon. As none of the molluscan genera are con- 
fined to the Antigua fomiation, its discrimination from other 
horizons depends on diflferences in the species. The genera rep- 
resented are Orthaulax, Turritella, Ampullinopsis, Turbo, Sca- 
pharca, Ostrea, Pecten (9 species). Amusi um. Spondylus, Litho- 
phaga, Antigona, and Chione. One interesting feature of the 
molluscan fauna of the horizon is that it seems to mark the in- 
troduction of the genus Orthaulax in the American Tertiary 
fonnalions. 

Deposits of the same, or nearly the same age, occur as 
follows: There is in the island of St. Croix a considerable cora! 
fauna that is cntirely identical with that of Antigua. In Porto 
Rico it appears that deposits eqiiivslent or nearly equivalent in 
age to the Antigua formation have received six names, San 
Sehastian, Lares, Collazo. Juana Dtaz shale. and Gtiauica shaly 
limestone, These five formations are what I had previously 
inchided under the Pepinn formation of Hili, hut Hili may not 
have iatended the Pepino formation to be so limited stratigraphi¬ 
cally (Vaughan, 1921, 7 ). Deposits of Antiguan age are well 
developed as the upper part of the Tabera formation of the 
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Dominica© Republic; ott the sotith side of Cuba east of ihc 
mouth of Guantanama Bay. and perhaps at other places in 
Cuba; in ihe basal part of The Chattahoochee formation in 
Southern Georgia: in eastern Mexico where they form parts oi 
the Meson and San Rafael fonnations of Dumble; ai several 
places in Panama. where they form the basal part of the Culebra 
formation ; and Cerro Colorado, Island of Arube. According io 
Douville (1915, 2 ) beds of similar age occur in the island of 
Trinidad, bnt there is uncertainty regarding the stradgTaphic 
relations of the material from Trinklad; in fact, it is not certain 
that it was actually in situ. 

In regard to the correlation of the Antiguan horizon. it 
can bc matched very closely with the base of the Cbatahoochee 
formation of Georgia and Florida, which places the horizon with 
reference to the Coastal Plain section, The coral fatma in the 
Antigua formation as a whole bears close resemblance to the 
coral fauna of the Rupeltan Oligocene of northem Italy 
(Vaughan, 1919, 4 , pp. 199-203), Some of the genera, siirh a* 
Cyathomorplia, that give the Italian fauna of Rupelian age it> 
di arae teri stic facies also give to the Antiguan deposits theif 
characteristic facies, One of the commonest genera in the 
Antiguan deposits is Antiguastrca and the Antiguan specie*. 
A. cellulosa (Dtmcan) Vaughan (1919, 4 , p. 402) is scarcdy 
sepa rabie from Antiguastrca elegans (Reuss) Vaughan (1919,4. 
p. 409) from the north Italian Rupelian Oligocene. There seems 
no reasonable doubt as to the correctness of tliis correlation. 

Uppcr Oligocene .—The horizons here referred to the upper 
Oligocene are considered by ali of those who have studied them 
as the correlative of the European Aquitanian, a correlation fir*t 
made by Douville in 1898 (1898, 1). In order to get ati ade- 
quate biological characterization of this horizon formation* at 
two separate localities need to be considered. They are tlif 
island of Anguilla, the type localitv of the Agnilla formation. 
and the Panama Cana! zone, the type locality for the Culebra 
formation and the Einperador limestone. The upper part, not 
the basal part, of the Culebra formation is considered of upper 
Oligocene age. The foramini fera characteristic of this horizon 
are smailish species of Lepidocy clina, particularly of the L ffl* 
if elici type. Two other species of Lepidocyclina are L. chapm 
Lem, and R. Ronville, which occur stratigraplncally above L 
eaucllei, and L. vaughaui Cushmau. A genus to which Ctsliman 
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has applied the nam e Heterostcgmokles. is rcpresertted in the 
canal zone by H. pamttumensis Cushman and in Anguilla by 
H. antillfa Cushman. This genus has not beer fornid at either 
higher or lower horizons. The genus Orbitolites becomes com¬ 
moti at this horizon and persists to the present time. The coral 
faunas are rich but do not certainly contain any characteristic 
genera. In contrast with the older Antiguan fauna the genera 
Antigriastrea and Cyathomorpha have become rare and Favites, 
Diploastrea, and Actinacis appear to have become extinct, 
Orbicella and Goniopora are probably the two most important 
genera. There is nothiug 1 peculiar in the mollviscan genera, but 
snnif of the species appear characteristic of the horizon. The 
Angui Han horizon is probably represented in St. Croix, and in 
Porto Rico by the Agitadilla limestone (Matiry, ipao, 51 . It is 
represented by the Cevicos limestone of the Dominican Republic 
and it ts present in Cuba at several places. It is represented by 
the Tampa formation of Florida, xvhich is the equivalent of the 
upper pari of the Chatlahoocliee formatum ; and the upper pari 
of the San Rafael formation of eastem Mexico is probably its 
equi valent. The age of the Bissex II ilis bed of Barbados neecls 
mention at this place. These deposits were first described by 
Franks and Harrison i 1898) and later R. J, L, Guppy (1911. 4 . 
p, 692 1 mentions Bcltinolantpus anguillae Cottean frotn the maris 
of Bissex Hili. The principal horizon of this ecliinoid is 
Anguillan but it is also rccorded from the Antigua formation of 
Antigua. Assuming that Guppy has correctly klentified the ccbi- 
noid. its presence indicat es that the Bissex Hili mari is either of 
upper or middle Oligccene age. The Globigerina niarl of Bar- 
bados, which ntuterlies the Bissex Hili mari, would then neces¬ 
sarii}' be of older age and would belong somewhere in the Oligo- 
cene. probably middle Oligocene. 

As the basis of the correlation of this horizon with Euro- 
pean Aquitani an was imlicated in the openiug sentence of tlie 
discussion of it. further remarks 011 that subject appear 
unnecessary. 

miocese 

The greatest nnmber of sttbdivisions of the Miocene made 
at any place in the West Indie> up to the present time are those 
in the Dominican Republic, wherc six subdivisions are recog- 
nized. It wiil not be practicable in this brief summary to char- 
acterize each one of these horizons, For a discussion of their 
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feattires reference maj' be made to the paper by Yaughan and 
Woodring (1921). With regard to tlie foramini fera foimH in 
the Miocene, the first feature that strikes one is the absence of 
nrbitoidal genera, there are no Lepidocyclina; but Orliitolites i* 
abundant atid there are myriads of Ampliistegina and Asterigina 
The corals include many specimens and numeratis species ut 
Placocyathus, Asterosmilia. Antillea, Thvsanns, Teleiophyllia, 
and Syzygophyllia. Amoiig the genera that occur in both the 
Oligocene and Miocene are Stylephora, Pocillopora, and Gonio- 
pora. One of the characteristics of the Miocene coral fauna is 
that it includes not only reprcsentatives of the genera of the 
present Caribbean fauna but many of the Miocene species are 
di stingui sii abi e eitlier with difficulty or not at all from species 
at present living in the Caribbean regiom This statement applie? 
to species of Dichocoenia. Meandrina, Stephanocoenia, Orbi- 
cella, Maeandra, Agaricia, Siderastrea, and Forites. The mollus- 
can faunas are enormously rich and probably aggregate 1500 or 
more species. The bryozoan faunas are rich and a considerable 
number of crustacean species have been described. 

Dcposils of Miocene age are known from Porto Rico, Cuba. 
Jamaica, eastern Mexico, the Isthmus of Tehuantepec, \ica- 
ragua. Costa Rica, Panama, northern Colombia, Trinidad. and 
the Tsland of Mart inique, Very low’ Miocene may be present 
on the Island of St, Croix. 

With regard to the correlation of the West Indian Miocene 
faunas, the Baitoa formation of the Dominican Republic or 
dic basis of the corals and mollltsks appears to be the correla- 
tive of tlie Chipola mari which is the basal member of the Alum 
Rltiff formation of Florida. The Chipola mari is correlated 
with the loiver Ihirdigaljan of Europe partly on the evidence of 
the bryozoa. A somewhat higber horizon tban the Chipola mari 
in the Alum Bluff formation is correlated on the basis ol fossil 
vertebrates, particularly Merychippus, with the Burdigaliati 
fVaugban, 1919, 4 , pp, 219-229), 13 The sum total of the evi~ 
dence seems to be decisivelv in favor of correlating the Alum 
Bluff formation and its West Indian eqiiivalents with the Burdi- 
galian of Europe. The next higlier Miocene horizon, which is 
represented by the Gurabo formation of the Dominican Republic. 
the Bowden mari of jamaica, and the upper part of the Catun 

11 Correlation by E. H. Scllnrds and J. C Mcrriam Qiiotfd (*>' 
Vanghan 
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fonnation of the Canat Zone, is probably the equi valent of the 
European Helvetiam The highest subdi vi sion of the Miocene of 
the Dominican Republic, the Cerros de Sal fonnation. is tenta- 
tively consideret! the equi valent of the Europeati Tortonian or 
I>erhaps one of the bigher horizon s. 


pliocene 


Marine Pliocene is onty sliglitly developed in the West 
Indies and Central America. The Principal areas of outcrop 
are in the Yucalan Peninsula and at Limum Costa Rica. 
Apparently there is a very small development of Pliocene on the 
sonth coast of Cuba east of the moutli of Guantauamo IHay, but 
too little is known of these Pliocene deposits to warrant ex- 
tended discussion of them. I have suminarizeti what is known 
regarding the corals in my paper (rpiQ. 4, p. 2^3). 

CONCLfSTON 

In the foregoing review an eflfort bas been made to convey 
some idea of the amount of rcscarch tbat bas been done on tbe 
stratigraphic relatiom, biologica 1 characteri sties* and the geolagi* 
cal correlation of tbe Tertiary forniations of Central America 
and the West Indies. It is obvious that a great deal has been 
done and that it is probable that the major groups have been 
recognized and correlated with a considerable degrec of preci* 
sion with lite recognized Eiiruptan Standard seclions, luit It 
shotikl also be made ciear that notwithstanding progress an 
enormous amount of work remains to be done By Consulting 
the paper on the status of areal geological mapping in Central 
America and the West Indies any one will see what large defi- 
ciencies there are in knowledge of the areal gcology of the 
Caribbean regiort. Deficiencies in knowledge of areal geologv 
usually mean deficiencies in knowledge of stratigraphy. Eesides 
tbe deficiencies that have been indicated it will be pointed out 
that the work on rnany of the groups of organisms is entirely 
inadequate- Ali of the papers on the calcareous algae are listcd 
in the accompanytng bibliography, They are all by Howe. The 
paper by Martin cited in the bibliography contains a descnption 
of Lithoihamniutn CHrasavicttm frorn the Cretaceous of the 
Island Curacao. The only papers 011 the foramini fera that pos- 

anv particular wortli are tliose by Cushman atid Dnuville. 
Of these those bv Cushman are of hy far the greater valite 
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bccausc tliey are relateil Lo actual studies in stratigraphy. 
Searcely more than fifty i>er cent of tlie corals known from the 
West Indies bave yet hccu dcscribed. For years I liave hten 
engaged ori studies of this group of organisms but interr.ipti<»n 
because of other duties has prevented tny finishing the work. 
The fossti echinoids. tltanks to Robert T. Jackson, are tairly 
well known and Ilie different species are with relatively few 
cxccptions clefinitely tied into the stratigraphic colunin. The 
mollusks ha ve been only partly de&cribed, but much progTe^ 
has been made by Dall. Gtippy, Toula. Bose, Pilsbry, Prowu and 
Pilsbry, Pilsbry and Johjison, Cossmann, Maury, Cooke, a»d 
Woodring. However, enor motis collcctions from the Isthmia 
of Tehuantepec, Costa Rica. Panama. Colombia. Trinidad, and 
tlie Dominican and Haitian Republics aro stili awaiting critical 
study. Only a feve species of brachiopods are known frnjrt tbe 
Caribbcan region. and these have been described by Guppy and 
Cooke. Knowledge of the fossil bryoaoa will probably 1» in 
satisfactcry condit ion when the secortd part of the work on 
American Tertiary bryozoa by Canu and Rassler has been puh- 
lished. AU available collecticiis of fossil crustacea liave been 
described by Rathbun. Reference to the bibliography will show 
that the only Tertiary vertebrates, except shark teetli, that liave 
been described are a surgeon fish from Antigua by Husmkoff. 
a sirenian from Porto Rico by \V, D. Matthew. and a sireniau 
by Martin from Serro Colorado, Artibe. 11 Consiilerable work lia> 
been dotie in recent years on the Pleistocene veterbrates of the 
W est Indies by Matthew, Anthony. Miller, and others. and their 
researches have brmtght io tiglit many facts of valne in tinfkr- 
standing the geological history of the West Indian region. hui 
their woTk is consideret! ontside the scope of the present pnper. 
f >nc of the particidar nccds in further work on Wc>t hulta» 
stratigrapliy and paleontology is to try to get inore in furi nat ion 
«ni fossil vertebrates. particularly on pelagie mammals. 

A more adequate umlerstanding of the geological history. 
of l»oth the Xorth American and South American coniinent^ 
and of other areas that lie either on the margin of or within 
the Pacific basio, is largely dependent upoti more complete 
knowledge of the stratigraphy, paleontology. and geological lu¬ 
tor v nf tlie Carihbean region. and it is hoped that researche? in 

" The corals from this Incality are of Oligocene age (VuitflrOT- 
10 ($, 4, p 2ny)* 
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this region cati be prosecuted with vigor so as to meet the needs 
for progress in rclatcd fields of gcology. 

In order to indicate more clearly the bearing of the data 
prescnted in the foregoing discussion on problcms of general 
geo logi cal liistory, this paper is closed by a tabular sunimary of 
some important events in the geological liistory of tiie West 
Indies and Central America, revised froni tables I have previonsly 
published (19T9. 3 , 1919, 5 ) so as to include more recent Infor¬ 
mation (Yaughar, 1920, 6i,Cooke, (1921, 5 ), and (Vaughan and 
Woodring. 1921!. Three periods of major diastropliism in the 
Greater Antilles are known as follows: (1 ) late Paleozoic: 

f 2) early Tcrtiary ; (3^ late Tcrtiary. 

TAIlfT.AR SI MMASV Oh* SDMfi IMPORT.WT KVCXTS IX TUI- {.ttlMX.I- 
CAI. 1IISTOKY ilK TlfK WliST I MU KS AXIi 
n;\T*u. 


Epcch * Evems 

Reeent . Suhmergencc larnl areas, probably reaultmg froni 

dcglacktion» except tocal differentia! crustal mnve- 
meius, in places prorfuciiig uplift 

PJeismcene.™.Emergente of large arcas* prohably due to with- 

drawal of water to forni the Continental ice- 
shccts; nl^o osdlintion of land nrcws by differ¬ 
entia! crtistal movernent. 


Pliocene.^.........Local moderate submergent*. /vWotf vf oiUtclys* 

111 iV fttuhmg breaking up a large land area and 
fornlirtg the AmiUes nearlv as tbey are at pres» 
ent, Pmbably a narro w in t eruceanic cuimec- 
, tion that admitted an Atlantic fauttt intn the 

present site of the Gulf of California. 


Mincene.... 


F l T ppcr.Extensive emergeace of the laml joimtig Xerth 

and South America throvgh Centrat America: 

Crreater Antilles juincil. m eucti (rtber, and pushi- 
hly to Central America, by bridges froni Jamaica 
10 Hortdutas and from western Cuba to Ynca^ 
tau. and to South America along llic Caribbean 
are. AU thesc supposed connectione tiot neces- 
sarily contemporali eous. Local submergente in 
places, 

Middle ... Extensive marginat submcrgcnce in some of liic 
West Itulies and ou the Atlantic side of Central 
America, Xo known mtcroceanic connectione 

Lower.Extensive submergente in the West Indies and 

arotiml the Continental margins: narrow. areally 
limited intcroceimc cmniecttons; latid einergmg 
t i 11 Central America, 
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Eventa 


Qligocenc. J 


l T p per.E xtensii c suhme rgc n c t w i th i m e roocanic conttic 

tions. 

Micttlfc- T ._..Mnximum arca! Biibmergencc with extensive intco 
(X cani c c orni ce t i on s, 

Lower... PrnlKibly extensive suhmcrgcnce in Central Amcrii^ 
«md certainly in the sotitheaslcni United Statia, 
niostiy emcrgencc in the West Indies, 

Minor diastrophism in thc Greattr Antii les. 


Eoeenc. 


Upper Extensive subniergcnce with in i emeeanie eoiintc- 

lions. 

Middlc.Apparent Ly interoceanic cntinection aen*s Central 

America, 

Lovter.. Emergente of tbe Grenter Amilles and prohabh 

ir Central America. No kiimvii iiitcTLimme om- 
necti w. 

Perimi of major diastrnphism in tlic Wm Indit* 


C retaevniis\ 


f Upptr. . . Extensive submergente* but witUout i ! iler«efiflic 
ronrtCCtiorv 

Lnwer.Sislnnergence in srmdiem Mcxico and CtinrJ 

America. r aporia !ly in lafe CoTiianche c ime 
Frokiblu enic-gence in the Greater Artillc* N-’ 
L imcroceanic conncction. 


Ju ra»io 


T rinssie 


r Upper ..Snbtnergence in Western Cuba, castori Mexico. 

and wcst Texas, withont interoceanie emmeo- 
t ion, except possibly in laie Upper Jurassie bw 
Middlc ... Submerge n ce in Southern Mcxico [Qasaca .imi 
Gu er re ro L w it h poss-ible in te mcea u ie connectis 
. Lowcn,.,.,, Suhmergcncc in southea&tern M exito fPerMa. Vera 
Crti/, and Hidaluo. possibly also in flaern^nb 
with possiblc interoccanic cimnection. A’ 1 ' 1111 ' 
marine plant-liearing beds iti sanie tegioii auil 
and alio in Oaxaea_ Posiibly the Satier nui 
bc tbe same age as the iitipposcd Rhariic pl^E- 
braring beds cf Hon duras and Xicaragua, 

r Upper.Plant-liearing beds in Horduras and Kicangiu 

(Rhxtic^ ahove mcntioned* htspcak land conditui !I1 
latcst Triassic or earliest Jurasstc. 

! VppeT.Submergente in Central Mcxico (Zacauxasl. viitli 

■A f Kami e) probable interoccanic connection. 

Middlc..... Probable land conditions throngliout Mcxko ^nd 
Central America. 

Lower.Probable land conditions ifiroughont Mexico arm 

l Central America, 


Laie Paleojtoic- ..Format ion of the major tcctonk axes rrf Centnl 

America and the initial east and west axr* <l! 
the Greater Anrittes. 


3 Mcsnjoic history of Central America. Mcxicn. and the Wf*i Indica 
hy T, W. Stanton, 
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Biuuocrahiv 

The references in the following list are mostly continet! to 
recently published papers that are devotcd to West Indiati and 
Central American paleontology and geological correlation. As 
I published in 1919 (Vaughan, 1919, 4 and 5 ) a rather complete 
review of what was then known on geological correlation in the 
region and gave many references to 1 iteratu re, a general bibliog- 
raphy does uot Heeni to be ealled for in the present coimection. 
In a few instances it seemed desirable to include references to 
older literature and I have aceordingly made the references 
complete for the work of Sir J. B. Harrison, Jukes-Browne. 
Franks, Wiltiam Hili, Chapman, and Gregory on Barbados; I 
have also listed a good many, but not all, of R. J. L. Guppy*s 
papers, Bbse^s papers on Chiapas and Tabasco and the Isthmus 
of Tehuamepec, and K. Martin’» work on Curabat), Atube, and 
Ronaire. My paper (1919, 4 ) contains a complete review up to 
the end of 1918 of all that was then known on West Indian and 
Central American fossil corals. 

1. Berry, E. W. The fossil highcr planis frotn the Cana! Zone: U. 
S. Nat- Mus. BulL 10^, pp. 15-44. pl*. 12-18, 1918, 

2. -— -, A palm nut from the Miocene of the Caial Zonc: 

U. S, Nat, Mus, Piuc,. vol, 39, pp, 11-12, 3 tCAt-figs., 1921. 

3. - -, Tertiary fossil pkmts from the Dominion Republic: 

U- S- Nat. Mus. Proc., vol. 59, pp. 117-127, pl. 21. 1921. 

4. -. - ( Tertiary fossil planis f;om Costa Rica: t\ S. Nat. 

Mus, Proc., vol. 59. pp, 169-185, pls. 22-27, 1931, 

1. Hijst, Ivmil. Kesena artfCii de l;i gcnlogia dc ('hiapas y Tnliascri: 

Inst. geol. dc Mcxico Bol. no. 20. pp. 116, 9 ph„ 1935. 

2. -, Sobre algunas frumas tertiarias de Mcxico: Tnst. 

geol. tlc M ex ico Hc-I. no. 22, pp. 96, 12 pls., 1906. 

3. --, Ziir j«ii}tti>ri,rrn Fauna von Tflmarttrpfc. Strati- 

graphte, Beschreibung utid Verglcich mit aineriknnkehon Terliar 
faunen: K, K. geol, ReicbSArtst. Jalirb,, vol. 6a, pp. 215-255, pls, 
13, 13, 1910. 

Browti, A. P., Notes on the geolngy of the fslaml of A11 tigna: Acad. 
Nat, Sci. Phila. Proc, for 1913, pp. 584-616. pK 18-20, 1915, 

j, -——■, and Pilshry, H. A„ Fauna of the Gat«n tormation, 

Isthmus of Pannma: Acad. Nat. Sci Phila. Proc. for 1911. pp, 
356-373- pls, 22-29, 3 text-figs., ign. 

2. -,-, Fauna of the Catun formatio», Isthmus 

of Panania-fl: Acad, Nat. Sci, Phila. Prr>c, for 1912, pp. 500-519, 
pls. 22-26, 5 text-figs., 1913. 

3, -,-, Two collcctions of Pleistocciic fossil* 

from the Isthmus of Panatm: Acad. Nat- Sci. Phila. for 1913, pp, 
493-SOO, 1913 . 

4 - -— - ——> - ——-. Fresh-wuler molln-iks from the Oli- 

pocene of Antigua: Acad. Nat. Sci. Phila. for 1914, p;i 209-213, 
pl, 9. i tcxt-lig„ 1914, 
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I Cami, F, aml Hassler, R $., tiryo&xt of ilic Cauni Zwk iiu! 
rdated areas: U. S. N’at. Mus. Bul, 103. pp, 117-122, p(. 53 igifi. 

-■- -7 . -—, Fossil Brjozoa from the \\e>t Indies 

Camegie Jnst, Washington Pub, 291, pp, 73-102. 7 pK, ijiq. 

Chaprium. F„ Appendix on ihc Foraminifera from Bissex Hili arui 
Bowmamon: Geni. Soc, London Qtiart. Jour., vni 5.), pp. 550^54. 
1893. 

r. Cnoke, C. W.. The age of ihc Ocala limcstoitc : i 1 . S. Geol. Sun 

vey Prof. Paper 95, pp, 107-117. 1915, 

-■ — --■ Tertiary Mollusca from the Lceward Maiuls aml 

Cuba: Cirnegic Inst, Washington Puh. 291, pp. io$-nh, 16 p3 
191^ 

J.-, Stratigniphic signiheance of Ortfiauhtr (afcimctV: 

Geol. Soc. Amer. RuIL, vol. 31. pp. 206. 1920, 

4- - , Gcologit reconnaissance in Santo Dominio |ah- 

stract) : Geol, Soc. Amer. BnlL, vol. 31, pp. 217-219. 1920. 

> - -■, Straiigraphic aml stntclttral gctdngy and jieo]rnjir 

history of the Dominium Republic: Dom. Rep. Geol. Survey Mem. 

ii»l, i, dia|it. 4, 1921. (In press.I 

—-——. Orthautax, a Tertwrj' gtitde fossil; L\ S. Crol. 

Stirvcy Prof. Pap. 129. 1921. fln press.) 

Cossmann, M„ Et ude comparative de fossilt;> miocen iqties re:tielti- ii 
!a Martinuitic et a 1'isihme de Pan ama: Jour. Conchylio logi t, vol, (ji. 
pp. 1-64 pls. 1-S, IQIJS* 

1. Cusbman, J. A,. The snmller fnssil Foramini fera of the Psin,im;i 
Omni Zoiic: l T . S. N T at, Mus. Tlull. 103. pp, 45-87, pls. iq-j.y ioi*. 

-_ The larger fossil Foraminifera of the Pniiama Ca- 

nal Zonc: U. S. Nat. Mus, Bull. 103. pp. 89-102. pls, 34-45, 1918. 

,1. -—“ -, Fossil Foraminifera from lfie West Indics: Carncuie 

Inst. Washington Pub, 291, pp. 21-71, ig pls,. 8 text-figs., 1919 

4.--. The America 11 species of Orthuphragintria .mil !.<■ 

pidocyclini: U. S. Geol. Sltrvey Prof, Paper 125. pp, 39-105- pb 

1 35. text fig. 3- 1920. 

5-—. American species of Operculi it;i and H et erosi crina 

and their faunal rdations and a new species of Orlhopltragmina 
froitj Louisiana: U. S Geol, Stirvcy. Prof, Paper 128, pp, 125-I4J- 
pls. 18-22, 1921. 

(r —-Sonic relalionships csf the foramitiiferal huma t>f 

ilie Gyratu calcar eous mari: Washington. Acad. Sci. Jour.. vri 

10, pp. 198-201. 1920, 

7. ——-, Foraminifera! fauna of ihc Eyram mari (ahstract): 

Geol. Soc. Amer. BnlL. vol, 31. p, 215, 1920. 

8 ——”—* Foraminifera of the Pyram calca reo tis mari [Jlissis- 

sippi} : U, S. Geo. Sutvtry Frvf. Paper 129, 1921, ( Tn press, 1 

9 -——-, Foraminifera of the Mint Spring mari [Mtssissippil: 

U, S. Geol. Survcy Prof, Paper 129, 1921. (Iu press,1 

Ihdl, W. H., New spectes nf fossil shclls from Pan ama and Costa 
Rica, collected by D. F, Mac Dona Id: Smithson, Mise. Coli, vol- 
59, N T 0. 2, pp. I'IQ, 1912. 

Dickcrson, Roy E,. Ancient Panania cannis: Cahforuia Acad. Sci. 
Proc., vol. 8. pp, 197-205, 1917. 

“— -, and Kew. W. S, W., The fauna of a inedfetl 

Tertiary formation and the Associated horitons of uorticastcrn 
Mexico: California Acad. Sci. Proc.. vol. 7, pp, 125-156, j>h. 
i7-26a, 1917. rThis pjiper confuse^ n]| West Indian and Central 
American horizon s from upper Ersecnc to middlc Miotelit.l 
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DoiiviUe* H rf Sur. 1 ’agg dg$ conches truvcrsecs par Ic canat de 

Panama: Soc Geol. France, jrd ser., vol. 26, pp. 587-600, 1898. 

-. Lcs orbitoides de 1 ‘ilc de la Trinite: Acad, Sci, 

C. R., vol. 161. pp. 87-92, iprs, 

—““— -, 1* Les orbitoides; d e ve lup pernent et phase emhryon- 

nnire, leur evolution pendant le Cretaee — 2“ Les orbitoides. pen¬ 
dant Ic Danien et le Tertiare: Orthophragmina et Lepitlocydina 
(Abstracta) : Soc. «eoi, Francc C. R. soni, for Dec. 20, (915, pp, 

127- \2% 1915. 

—---, Les conches a orbitoides dc Fisthnn: de Panama: Soc, 

geol, France C. R, sora. for Dec. 20, 1915. pp, 129-131, 1915, 

-. Les orbitoides de l'ile de Ia Trinite: Acad. Sci. C. 

R„ vol- 164, pp. 841-84/. 6 text-figs., 1917, 

- -. Lcs conches a orbitoides de VAnierique dii Nord: 

Acad. Sci. C. R.. vol. 167, pp. 261-267, 12 text-figs., 1918. [The 
stratigraphy in this paper is partly wrong. LcfiidocycUna mantelli 
is known only from tbe Vickslwrgian lower Oligocene.l 
Engcrrand, j.. and Urbtna. F,. Prinieia nota a ce rea dc la Fauna 
miocenica dc Zuluzum (Chiapas) : Soc. geol, mexicana, vol. 6, pp. 
119-140. pls, 58-60. :gio. 

Franks, G. F, and Harrison, J. The Globigerina rocks (and 
basal reef-rocks) of Barhados: Geol. Soc. London Quart. Jour.. 
vol 54, pp. 540-SS0. i text-fcs.. 1898, 

Girand. J., Esquisse geologique de Ia M a rt inique avec darte 
geologique. Pp. 60+2 umiumbered, gcokigica! map, i p. scctions. 
Hanoi-Haiphong, Imprime ric d'Extremc-Orient, 1918. 
flrcgory, J. W., Conlributions to tlic palcontcloity and physica! 
geology of the West Tndies: Geol. Soc. London Quart. Jour., vol. 
Si. PP. 356 -UO. pl n t '895. 

Guppy, R, J. L.. The Tertiare Microzoic fonmtions of Trinidad, 
West Indies: Geol. Soc. Lomlon Quart. Jour., vol. 48, pp. 519-541, 
t m.ip, 1892. 

-. The gcological cnunections of the Caribhean region: 

Canadian Inst. Trans., vol. E pp, 373-391, 1 map. 1999. 

----■, On a collection of fossils froin SpringvaL-, near 

Couva, Trinidad: Trinidad and Tobago Agrie. Soc. Paper N‘o. 
440, pp. 15, 1911. 

--— -, Tbe geology of Antigun and other West tndian 

istands: Geol. Soc, London Quart. Jour., vol. 67, pp. 681-700, pl. 

50. 3 text-figs., 1911, 

--—, Fossils from Springvale near Cotiva, Trinidad, sec- 

and report, in continnatinn of Smioty Paper JCo. 440: Trinidad 
and Tobago Agrie. Soc. Paper Xo. 454, pp. 10, frontispiece and 
2 pls.. iglt. 

Har risori. J, B., The corul rocks of Rarbados: Geol. Soc. London 
Quart. Jour., vol. 6,1, pp. 3 t 8 - 337 -.pl. 33 - 13 text-figs.. 1907. 

- ——, Tbe «?Jt t rm i eous niincrjik in coral-limcstoncs of 

Barbados: Geol. Soc. London Quart. Jour., vol. Ixxv, pt. 3, pp. 
158-172. 1920. 

-and Jukes-Browne. A. J,, The genlogy of Barbados, 

lieing an explanat imi of the geological nmp of Barbados prepared 
by tbe same aotliors: Piihlidicd hy anthority of tln* Rarbadian 
Legislatore. pp, 64, s text-figs., 1890, 

■—-, —---—, Notes on tlic Chemical compositior 

r>f some oceanic deposirs: Geol. Soc. London Quart, Jour., vol. 

51 . PP 3T3-328. 1895 
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3. Itamson, j. R and Jukos-Rrmvvu 1 , A. J., Tlic occanic depositi ut 
Trinidad (Rritish West Indics) : Gcol. Snc. Londtm Quart. J<>ur., 
vol. 55, pp. 177-189. 2 tvxt-iigs, 1899. 

4. ,-——--, The geology of Barhados: Ged, Mas-. 

Dec. 4, vol, 9. pp, 5SO-554- 19°^ 

1. Hili. Willuim. On the minute structure of sonte coral-litiKVOflfs 
from Barba dos: Ceol, Stic. Londcn Quart, Jour,, vol. 47, pp. 243- 
248, pl, Qi 1891. 

2, —-—, Oti the structure of white limestone from Jamafca: 

Geo). Soc, London Quart, Jour,, vol. 47. pp, 248-249. 1891. 

j. Howc. Marsh ali, A., On sonie fossil and Rceent Lithothamulae of 
the Pati a tua (Tanai Zonc: U. S. Xat. Mus. Bull, IOJ, pp MJ. pb- 

1-11, rgib, 

2. -- -—, Tertiary calca reous algae from Ilie Tslands of St. 

Rarthnlnwew. A11 tigna and Anguilla: Cartiegic Inst, Wajhingt"'n 
Pult. 291, pp. 9-19, pls. i-d. 1919. 

1. Huhljard, Bola, Ttie Tertiary format ions of Porto Ricj: ScL 

X. S., vol. 51. pp. 595 .106, 1920, 

2 . -. Tertiary Mollusca from the Lares di striet, roric- 

Rico: X. Y. Arad. Sci. Scientif. Survey of Porto Rien and (ht 
Virgin Itis., vol. 3, pt, 2, pp. 79-164, pls. 10-25, 1920. 

Ilussakoff, L„ ?.t'br\\snma deavi, a fossil surgeon fis.li frorn lite Ne' r 
ludios (Antigna) : Amer, Mus. Xat. Hist Bull., vol. 23, pp. 1-5- 

126. pl. 7. 1907- 

1, Jnckson, R. T.. Kos^il ecliini of tiip Panams Cannl Ziyiw and Costa 
Rica: U. S- Nat. Mus. Proc., vol, 53, pp. 489-501. pls. 62AS. „1 
toM-ligs., 1917. 

2, -, Fossil echini of the Panama Cana) Zoue ana Costa 

Rica: l T S. Xat, Mus. Bull. IOJ, pp, 103-116. pls. 46-32. lext-tig?. 
1-3, 1918. IVirtually a rcpritit of the precedlng.l 

3, *-. Fossil echini of the West Imties: Carrwjtk !•>'< 

Washington Pub. 306, 16 pls.. 1921 (in pressi. 

1 Jukes-Brnwne, A, J.. and Harrison, J, B„ The geology of Rar- 
hadns: Geol. Soe. London Quart. Jour., vol 47. pp. 197-343- 9 
text-fig?:., 1891. 

2,-—.-. The geology of Barbados, pt. 2, Ibe 

neenilie dcpnsiis: Geni. Snc. LoihIoh Quart. Jour., vol, 48, pp- 1 ' ft ' 
1 niap, icxt hgs. 1-y, 1-4 and onr urmimihered (14 in >1B, 

1892. 

MacPonald. D. F,. The sedinieutary forimtions of the Panama 
Canal Zotie, witli special referenre to the siratigraphic telattons 
of the fossiliferous beds: U, S. Xat, Mus. Bidi, 103, pp. 5 a 5‘545- 
pls. 155154. 1OI9- . . . 

Martin, K., Bericht iJwr ei no Reis* nflch Niffwrl5nnisch IVeM' 
Indicti tiricl dnriuif pugnimlctc Studlen: Zweiter TheiL Geolocic: 

pn., 2 dIs,* 4 nmp*. 41 texi figs.; E! J. Rrill, Lcidei, tSW 
(The principal gunerid work on the gcology of Curacao. ArjJW"- 
nnd Honairc* Contains descriptioris and tliturcs of sotne ro$«U-J 
Matlicw, W. D., Nc* simiian from the Teniar> r of Porto Rtco. 
West Indics: N. Y. Acafl. Sci. Am n vol 27, pp. 23-29, 2 trxt 
1916, anccdral dugon^ (Fossil supposed to be of Ofeoecne [ 

1. Manry, Cariotta J.. A contrilmtiOii to tlic palcontolog> r of TtinulmL 
Acad. Xat Sci. Phila. Joimi., str. 2, voL 15^ pp, 25-112, pk 5 ,J ^ 

2 . ■---, Santo Doni i n po type sections and fos&ils: Rul^ 

Amer. Fal^ont. vnL 5, pp. 165-459, frontispi^ce. pk. 28-68, r skeKf» 
map. i icxt-fiK-. 1917. 
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j T Maurv. Cariotta J-. A proposui of two ncw Miocene inrmation nanies: 
SrL p N, S-i vol. 50. P- 501 * lytg (Fomnations; in thc Dnniinican 
Kepublic.) 

-1,- + Od the carrelation of Porto Ricau Teri ia ry forma¬ 

lioris with other Antilleati and mainland horizons: Amer. Jom. Sci., 
4Xh scr.; vol, 4&, pp. ztjj-zis, jgig. 

5- -——— — f Tertiary Mollusca from Porto Rico: N. Y. *Acad. 
Sci. Sciemif, Sjfvey of Porto Rico and thc Virgin Islands, vol. 
3- pt- r p 77 pp., 9 pii. n>2o. 

1. Filsbry, 1 f, A., A ncv HiUlian Oligocene iMicpccnc) horizon ; 

Acad, Nat. ScL Fhila, Proc for jqio p pp. 487-480, 2 text-fies., igto. 

2. —-- —Scaphopoda of tht Jamaican Oligocene (Miocenc) 

and thc Costa Rican Plioccne: Acad. Nat. Sci. Phila. Proc, for ign. 
pp. 165-169, 5 text-tigs., igu. 

3* t . -- 1 Cirri pedia from thc Pamama Canal Zone; U, S. Mus. 

BuL 103, pp. 185-188, pL 67, 1918. 

- ——and Brown, A, P. ( Oligoeenc f Miocenc) fossile from 

thc nei^hhorhood of Cartagcna. Cotomhia, with nutes 011 Haitian 
species Acad. Nat. Sci. Phil. Proc. for 1917, pp. 32-41 p pls. 5, 

6, 19T7. 

——-, and JohtiMnr C. W.. New Moltusca from th? Santu 

Domingo Gligoccnc (Miocemr) : U- S. Nat, Mus* Proc. fer 191 7 h 
pp. 150-202, 1917* 

r. Rathbun, Mary J.. Decapod crustareaus from thc Panama region: 

U. S. Nat. Mns. Rull. 103. pp r 123-184. pls. 54-66. 1918. 

2, ——-—, West Inriian Tertiary decapod cniSUccarts: Carncjoe 

Tusi. Washington Fub. jyi. pp. 157-184, y pls.. iyiy 

3. ---Additions to West Indian Tcftiary decapod crus- 

tacearis: U, S. Nat. Mus. Proc.. vol 58. pp, 381-384. pl. 25, 1920 

1. Toula. Franz. Eme junsctertiare Fauna voo Gatun am Panama- 

Kanal: K, K, gcoL Refchsanst. Jahrb., vol. 58. pp, 673-7$ 

25-28, 15 text-fks.. 19^9. 

2. - ——. Zur jtinglertuimi Fauna von Tehuantepcc. Vcr- 

^leichunfr hauptsachHch mit europaischen und lehemlen Arten: K. 
K, geni, Roichsaiod. J^hrb rT vol, 6s, pp- 255 276, 1010. 

3. „-_- p Dic jungteniare Fauna von Gatun am Panama- 

Kntial: K. K. geol Reich*an$t h Jahrb. + vol. 6t t pp. 487-530, pl*. 

30-31. 19M- 

l. Vaushan. T. W.. The nef-coral fauna of CarriCreck. Imperial 
Cnunty. Califoniia, and its Mgniticance: U S. Gcol. Survcy Prof. 
Pap. gP, pp* 355 - 395 * P 1 ^- 9^W2 k toxt tigs 43-46, iqtj, 

3 -- „—_ f CorrebtioTi of tlte Tertiary geologic formations of 

thc southeastern Unitetl States, Central America, and the West 
Jndies: Wnshintcton Acad. Sci. Jour rT vol. 8, pp 268 276. igr8. 

3. —-— Geologic hsstory of CetiJral America and the West 

Indies durjng Cenozok time : GeoJ. Soc. Amer. HulLvol. 29, ?p. 615- 
630. 1919. 

4 - -- - —Fo&sil cnr;ils from Central America. Cuhci. and 

Porto Rico^ with an account of the American Tertiary, Pieistocenc, 
and Rccent coral reefs: L\ S. Nat. Mus. Rull. 103, pp. 189-524, pls, 
68-152. text-figs. 4-25. 1919. 

5, ---— r The biologic character a mi geologic eorrelation of 

the scctimentary formations of Panama in their relation to the 
gcologk history of Central America and the West Indies U. S. 
Nat. Mus. Rull. 103. pp. 547-612, 1919. 
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Amer Rull. vol. 31. pp. 216-^17. iqjo, 

7.-„ The stradgraphic significant* 01 th* ^'"«t 

ttVit liiffian hi^vil tchinokl-: Carnegie Inst. \Va-drin£t<Hi Puh 
]a 6. r <>2 r. (En pre>i. > 

——— -. Cookc, Wythe, Condit. D. DRo^, C P. Woodrijif. 

W\ P» and Callcin*, F. C P Gcnt^ic rcwrmais&ance of iht Domcm- 
ean Rcpohlte: Mmii. Rep. Geni. Survry Muni.* vnl. i* WJi. 1 E” 
pre^s, 1 

-— ——* Wixjclriiig:. \V\ P„ Tertiary and Quattrrnjirv tfrati- 

yraphic pa 1 eono>|r^y of tbe Domiti i crm Repuhlie: Dom. Rcp. r rt ol. 
Survev Mein_. vnl. i r Chapter 5. lOJt. Hn pre*$J 
e. \\ ooiIrmK. W. P.. The pckcypods of the Rowdert fauna: John 5 
Hopkins IViiv. Cire., X. S., J917. No. j, whole No. ^3, pp -M 

1917. 

—- ———. The Mollusca of llie Bowdcn mari of Janiatca: 

CamegEc In^. Wasli., awaking ptihl icat toti. 
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TERT1A R V FO R M \ T fO X S OF \YKSTK K X SOL*Tl f 

Aii E RICA 

ISv Emv imi W. 1’RKtiV, 1'rofessof of Paleontologv, Johns 
kins University. 11 a It i more. Maryland 

f Pnscntfil ;it 1 3it? rrrjuest nf ile CnmmitlL-e nii Prngriim'! 

IXTROIH/CTION 

In attempting a suiumary of the Tertiary of the West Coa^t 
of South America at tliis time the reader sltotikl be cautioned 
tbat many of the concitis ion s must be regardcd as tenta ti ve 
becaitse of the immense size of the area and the lack of any 
Information regarding tnost of it. That information on many 
doubtful poims will be forthcoming in the near future is 
probable. 

The follcwing invcstigations known to tbe writer are 
wholly or partially completed but the materiat is not yet avail* 
able for puhlication. Dr, T. O, Bosworth and Prof. Henry 
Woods have in manuscript an account of the geology and paleon- 
tology of north Western Peru, of which onlv a verv bricf abstract 
has been publishertP Dr. E. M. Spieker, in a (Ussertation suli- 
mittec! to the Johns Hnpkins University, lias given an accotim 
of the paleotitology of the Zorritos formatio» of Peru whicli 
includes a restudy of the Xelson collectioni Messrs. Van Holst 
and Singewald have made detailed field pttidies in the Zorritos 
region, the resnlts of which are subject to ccrtain delays because 
of commercia! reasons: the writer has in mannscript an account 
of the Tertiary around Concepcion. Chilc: Dr. Singewald and 
the writer have completed an account of the geologv and paleoii- 
tology around Corocoro. Polivta. and the Hureati of Mines of 
Peru has collected much material and contemplate? a secoitd 
report on the North Peruvian oil fields: and there are at the 
Kopkins considerable Tertiary collections from Kcuador not yet 
studied. The writer lias had the benefit of much of this unpuh- 
lished vvork as wdl as the privilege of persorially visiting many 
of the localities in South America and examining the extensive 
paleontological collections under rhe charpe of Director Pravo 
at Lima. 

1 Proc. Ocol. Soc- Loiu! \o. toO. 1 , pp. 20-21, 1020. 

! Xdion, K, T. Di! the ,Mi>lhisc.ui f;mna »( liie hile Tertiary • t 
Peru. Tran*. Conn. Acsid. vo). 2, pt, t, T870, 
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Tlie area corered in the preseiit abstract comprises tlie Andes 
and West Coast, but no attempt will be made to include the late 
Tcrtiary oast of the front range although there is some informa- 
tion from scaitered localities in eastern Peru, eastern Rolivia 
and Western Argentitia, and in partlcular the extensive Tcrtiary 
ileposits of tlie latter country with tlieir wealth of mammalian 
remaiiis will for the most part l>e entirely ignored, sincc they 
havo rcceived detailed and authoritative treatment in recetit years 
by Ivith vertebrate and in vertebrate experts. 

COLO MU I A 

One would expect to find mucb the sanie Tertiary sequence 
as Ibat of tlie Panama Catial 2one in some part of westem 
Colnnibia but practically nothing is known of the region west M 
the Western Andes between Latitude 8° N. and io° South. Fils- 
bry and Browii 3 reportcd a Gatun fauna from near Cartagena in 
nortbern Colomhia and Vaughan* records a similar assem biage 
from various localities in the northeni interior. Karsten 3 meti* 
tioned marine Tcrtiary of unknown age much fartber south in 
tlie vicinity of Popayan, between the Eastern and Western 
Ancies in tlie l pper Cauca valley, and also Hstert numerous local- 
i ites where mammalian bones had been observed. Vaiifjhan* 
rcports Eocene from one lea git e west of Arroyo Honda, Eoli- 
var, Colombia, on the basis of the determination of Nunumilites 
and Stellate Orthophragmina by Cusbman. 

Tertiary fossit plants bave been descrvbed from two locali' 
ttes. A small collection was obtained near Ruga in the Tpper 
Cauca valley from an undeterminable Miocene horiaon and a 
large collection was described by Engelhardt* from near Santa 
Ana (970 meters) in the Rio Magdalena valley, State of Honda. 
l>>th occur in tufTs and as the last locality is in the Cordillera de 
Ilogota which swings to the eastward to fonn the Cordillera de 
Merida of Venezuela. recent piant collections from the latter" 
tlirow some light 011 the age of the former. 

1 Pilsbry. H A. and Brown, A, P,. Phila. Acad. Nat. Sci,, FnX' 
for IQI7, pp, 32-41. 

1 Vanglian, T. W„ U. S, Nati. Mus., Ruti. 103, pp, 588-589, 

* Karsten, H., GeolOfjie dc Venezuela, Xogvclle-Grcnade et 
dor, Rerlin. 1886, 

*Op. dt„ p. 107 . 

'Etieelh artit, it., Abh. Sciick. Xaturf. Gesetb. Bd. 19, 1895. 

fc Rerry, lv W.. I'. S. Nati Mus,. Proc. (In press.) 
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The Santa Ana flora coinprises the following: 

Rambusium Stiibdi 
Rliizoma graminis 
llelicomn. elegatis 
Stmospe rmat i um coi u mbien s<? 

Ficus laqueata 
Frrsca coriacea 
macrophylloidcs 
elliptica 
elongata 

Xectandra curvatidolia 
Rcissi 
areolata 

Goeppertis subberbaceo 
Ac rod id i dium chartaceum 
Lttirophytlum rigidum 
Rothriospora Witti 
Citharexylon retiforme 
Tecoma grati di denata 
Chrysophyllufii rufoides 
Styrax lanccolata 
Ruettrteria cinnamomi folia 
Moschoxylon tenuinerve 
Ilex arcitiervis 
Gouiana membranacea 
firma 

Cnndaminca grandito! i a 
Vocbysia rettisifolia 
Trigonia varians 
Moqutllea Stubeli 
Tnga Reis si 

Pithecolobium tenui folium 
Phyllitcs ahutotdes 
strychioides 
vochysioidcs 

These are well distributed amoug the natural orders and 
indicate a charae teri st ic mesophytic tropical flora wjth conspicu- 
olis South American elements stich as Stenospermatium, Goep- 
pertia, Acrodiclidium, Condotninea* Vochysia, Trigonia, Heli¬ 
conia, etc. Two of the species are tommon to the Costa Rica 
Miocene, two are comraon to the Navidad beds of Chile and one 
is founri in the Loja hasin o£ Ecuador, The writer was formerly 
iaclined to regard this flora as lowcr Miocene but in the light of 
the more recently studied collections from Costa Rica and 
Venezuela it rnust be regarded as miridle or upper Miocene. 

CCtJADOR 

Marine Tertiary ckposits of shallow water ortgin are known 
to he extensively developcd for several hundred miles along the 
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Kcttailoriati coast. n DcUilcd field stLidie^ bv CitnTiinghain Crai^ 
an< l <iia<lc for petroleum interests are not ytt available 

for puhlication but suggest a threefold division of the depnsits. 
Fmm a superficial examination of collections the writer woul t 
eorsider that the Zorritos, Talara and Paita stages of nortlicro 
Peru continue along the Ecuadotian eoa st, where their rclatkm- 
are obscured by the samc extensive block faulting and inter¬ 
mixture of forms from rieistoeene shell maris that liave made 
the unravelting of the north Peruvian coastal region so diffictilt. 
Wliether the okler Tertiary of the latter region is present in 
Eetiador cannot be stated. 

Continental deposits of Tertiary age are doubtlcss present 
m many of the valleys and continenta! basim of the Ecuntorian 
Andes. Fossil plants are known from severa! localities inchidin^ 
Tahlayacn in the Rio Jubones hasin and a number of pomis in 
the r^ja basin where they are associated witb lignites of vime 
commereial valne. 10 Tliis flora which consists of over 40 
species, 11 is distinetly South American in facies, denotes a mevi- 
phvtic tropical environment and from its points of contact ivith 
ntber fossil floras in wcstern South America h certainlv - i 
Minreite age an i vtry probablv lower Miocrnc. 

Splia ct ites punctifonnk 
sparsus 
coti socia tus 
Xylomites immersus 
I lysit-rites ellipticus 
Sclcrin Woifi 
Arthantc pelliculato i des 
Htcronymia Lehman ni 
Camphoroinoca speciosa 
Emllichcra rhamnoides 
Phoradcndron fossile 
Myri astica fossilis 
rSomljax retusi folium 
Liihea tertiaria 
Hirnea cyclospenna 
Rari i st er ia aceroides 
Tapiria bnceolata 

Vochysia Witti 

ferruginoides 
Eugcnia ovali folia 

TL Gcogralia y Gcologia dcl Ecuador, Lcipiig, 1802 
Wolf. T., and Radi, G.. Zeits. Dcmscti. Geni, GescM, lid jS. Pi' 
39I-.WJ, 1876; 

Eugdhardt. H„ Ahh. Setidc. Xaturf, Gestii, Rd. 19. 1805: 

ltcrry, E. W,, liitll. Geni. Stic, A111., vol. io. |> fijo iqiS 
Elige Hinnit, H.. \hh. Sctick. Xaturf, Gesril. Rd, <9, 1895 
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Myrcia antediluviana 
Myre Laria leimidolia 
Lonchocarpus ohtisifolius 
Sleaolobiuin rhoaiboidalis 
Caesalpinia sulxlimidiiita 
Cassia dimidiato-linearis 
lineari folia 
longi folia 

Macrolobium tenui folium 
Pterogync ohlnngifotia 
Tnga ovalifolia 
latifolia 

Phy 11 ites coi libri noides 
styracicides 
celastrinoitlcs 
gouareoidcs 
Leguminositcs grandis 
machucrioides 
cassiotflcs 
acaciae formis 

Considerable has been written regarding" the mammaiian 
remains of ttpland Ecuador. These in common with similar 
remains found ali along the Andean regton have been variously 
regareed as either Pliocene or Pleistocene, a questioni difficult 
of solution sinee tbere was no continenta! ice sheet present and, 
so far as the vrritcFs observations go, all of the fossili ferous 
rccnrds antedate the maxiimim devetopment of mountain glaciers 
u-lmse shrutiken reornanti: *titl clothe the higher motintain inastses. 

Afammalian remains embedded in cave deposits, river ter- 
races and lacu?trine tuffs are not un comi non throughoiit the 
wliole Andean region and are probably nmch more abtmdant 
tiian the rather meager reeords indicate. These are frequently 
consideret! to bc of Pleistocene age but inanv are imdoubtedlv 
Pliocene, 1 * From Inibabura, Malchingui (2878 meters), Coto* 
callao (2802 meter?) and Alangasi (2887 meters) near Quito 
and near Rio Bamba (3142 meters) and Pnnin (2778 meters) 
smitheast of Chimborazo, also along Rio Paromos and Rio 
Pisgtm in Ecuador have been reoorded Mytodon, Equus, Pro- 
tauchenia. Cervus, Mastodon, Madiaerodus, Calli strophus, etc. 

I*RHU 

Aside from the deseri ption of a few species of Tertiary 
marine fossils bv dTMrigny. 18 Ncls^nn, 18 and Gabii, 11 the genera! 

11 Wolf, T-, Ceogaostisdie Miltheilungcn aus Ecuador: Xiues Jahrb- 
P i 55 . i 8 r 5 -. 

,:i trOrbigin*, A,. Puleuniumgfc dii V (iynge r.Amerique meridionale: 
Paris. 1842, 

11 Xclsoti, It, T., Trans, Couti, Acati,, vol. 2. pt. i, 1870. 

|rr (bibh, W. M. f Jour, Acad. Nat, Sci, Pliila, scr, 2, vol. 8, 1H77. 
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work of Raimcndi, 1 * and incidcntal references iu Darwiiii Voy- 
agc of the Beagle 17 the first detailed account of the geology oi 
any locality in northern Peru is tliat of Grzybowski 19 baseil np^ti 
a short reconnaissance in the vicinity of Tumbez and Paita in 
1898. This work, although obviously superficial and uncritical. 
roay be taken as a basis of discussion. Grzybowski segregate? 
the Tertiary in the followlng units with a total thickness oi 
ahout 2100 feet and the assigned ages as given below: 

Paita stage = Pliocenc 
Talara stage = Gpper Miocene 
Zorritos stage = Miocene 
Heath stage = Lower Miocene 
Ovibio stage = Oligocene 

GrzybowskTs Ovibio stage was based on flysch-like sand- 
stones seen only iuland frum the eoast along the nonlieastesii 
flanks of the Cordillera de Amotape and said to have yiefrlcd 
TurntcUa tricarwata Broc. and Solcn vticrosulcatus Grz., the for 
mer an Europcan Upper Miocene species. Grzybowski consid- 
cred the Ovibio stage as of Upper Oligocene age, although tltcrc 
is 110 satisfactory evidence 011 this puint, or on the relations of the 
Ovihio to the balance of the Tertiary. 

Marsters, In 1907, published an extended account of tlic 
north Peruvian oil fields, 14 in which there are many detailed 
observations and local sections and in which the expostires 
around Lobi t os and Negritos wcrc described, 

In 1908 Adams proposed the following formational names 
for Coastal Peru** with the assigned ages given below: 

Barratico formatioi > Rimae and other delta deposita 1 

Pacasmayo format i 011 > Coastal terraces at Eten, Pacasmayo, / Pleistocenr 

ctq. 1 

Pisco formation Coastal plain at Pisco Piio-Pleislocciu* 

Motiuegua formation — Pliocene 
Amotape forma! ion “ Miocene 

,J Raimondi. A., EI Peru, vol. 4, Lima. 1902, 

" AdmiraMe disclis sion s of the ltroadcr aspeets of the physkigrapl 1 ' 1 ' 
liistory of ihe Peruvian region are given l>y fiowman, l„ The Aiiclo* «i 
Solii liem Peru: .A 111. Geogr, Soc., 1916. 

'* Grzybowski, J., Neues Jalirb. Beil. Bd. 12, pp, 610-664. p-ts. 15 '® 1 

lRfjti 

“Marsters, V. F„ Informe pr di minar sohre Ia Zona. Petroliftn ikl 
Norte dei Peru: Cuerpo de Ingertieros de Minas, Bol. No. 50. 1907. 

“Adams, G. L, Outline of the Geology of Peru, Sniithsonian Rcpon; 
for 1908, 1909. 
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The last corresponds approximately with Grzybowski's 
Heath, Zorritos and Talara stages, known to be distinet, and 
after seeing all of the others except the MnqTiegn» the writer 
cannot see that these terms have any chronologic value or utility 
and that the Moquegm is composite is shown from Bowman's 
obscrvations, which will be cited after describing the Tertiary 
of the northern Coastal region. 

In 1919 the prescnt writer described a small collection of 
fossil plants from near Tumbez. 21 These were erroneously 
referred to the Heath stage of Grzybowski, as will be explained 
in a subsequent paragraph, and were considered to be of lower 
Miocene age, a determination that has been since oonfirmed by 
Spieker’s study of the Zorritos molluscan fauna (Nf S) in which 
the piant horizon is interhedded. 

The field studies of Bosworth, whose collections from the 
basis of Wood's account of the Paleontology 13 resnlted in the 
conclnsion that the Tertiary of northern Pera 

consists of 15.000 to £5,000 feet of day-shales and samlstones, witli in- 
mitrtcrable thin seams of beach-pebbles and shells Thus, cluring tlie Ter- 
tiary Period, a latge subsidcnce was in progress. 

The strattgraphical successi on is as folknvs: 

Miocene Zorritos forma l ion 5000*- ft. 

f Lobitos formation 500Af ft. 

Hocene < 1 Clavilhtus series 1 

( Megritos forma tion < > 7000+ ft. 

I Tnrtlteila series 1 

Bosworth States that these materials were subjected to 
intense block faulting with differentiai displacements of many 
thousand feet. 

It is obviously impossible to criticize these conclnsiors in 
acvance of the pnblication of Bosworth's complete paper. It 
wonld seem, however, that the formational names are used in a 
new sense, and from the detailed instrumental surveys of Van 
Holst and Singewald in a restrictcd part of the area, the writer 
ts jnclined to consider the enormous thicknesses and the implied 
subsidence as due to duplication of strata, and the opmion is 
ventured that 2500 to 3500 feet wonld be nearer the facts than 
are Bosworth’s figures of from 15,000 to 25,000 feet. It is true 
there has been much block faulting but the displacements ob- 
served by the former gcologists are all relatively small, 

s ' BcrTy, E. W., Prnc, V. S. Xatl. Mus, vok 5.5, Xo. ”70, 1919. 

11 Pro:, Gcol. Soc. Loiid. Xo, ro 62 . pp, 20*21, 1920. 
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The vvriterh conception of the north Periman marine sec- 
lion is as follows: 

Paita stage of Grzybowski. This comprises, according to 
that author, about 250 feet of sandstones and conglomerate?, 
couformable 011 the imdcrlying Talara stage. Tlic deposita are 
distinctly littoral in character. The fauna comprises the fol- 
lowing 10 species, two of which are known to be recent and 
some of fhe others are close to, if not idcmical witb. recenl 
fornis * 

Pecten pavient Gra. 

intctco^taltift Grz. 
densi cinctus Grz. 

OMrc:i oculata Grz. 

limaris Gr/. 

Arca reversa Cray 
GJydmcris pnytcnsb d’Qrh. 

RilClii Cilhh 

. Venus simata Pliillips 
Chione cnlnmhcusis Siwerhy 

The Paita Mage may correspond to the marginal Mibmer- 
gciicc represented by the Toro limestone of Panama, and dic 
Ctrfiiiimlm and Caldera heds of Chile. but there is a suspicior 
tliat it represents mixed collectioris from Miocene outcrop? 
overlnin by marine terrace ceposits containing recent specie 11 °f 
Mollusca. 

Tnlara stage, This consists of between 200 and 250 f«t 
of gray argillaceims sandstone gradiog itito somewfial sandy 
tan-colored gypsi femus slialcs similat in lithologic character to 
the satuiy part ot the Heath stage. It underlies the Paita Mane 
with apparent cmiformity and in places is abundantly fossilifer- 
ous, the shaly portions containing mostly small pelecypods, 

Orzvbowski rccords the following fornis from this horizon, 
tlteir age l.ieiug considered upper Miocene t 

Nucula annuentia Pliil. 

mitiuscula Grz, 
bucina pulchella Gra. 

Corbula I ane colata C,rz. 

Cardiutn procurvat uni Grz 
Coluuihclla I;uccata Grz. 
loiiitistoma (Irz. 
turrita Grz. 

Tusus inflatus Grz, 

Miira laliim.i Grz, 

Simininis fu reatus Grz. 

\atiea cima Grz. 

Sigarctus excentricus Grz. 
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Zorritcn» stage. Thia is a wel] Jefuicd paleoutologic unit rep- 
rc.senting shallow marine sediments consisting' of interbedded 
calcareous sancis, maris, and conglomerates, with a middle 
Jagoonal phase consisting of variegated sands and gypsiferous 
clay lenses with lignitic and pl ant - beari ng layers. The plants 
de&cribed by tlie writer (op. cit.) came from tlus nibUtk Zor¬ 
ritos, which Grzybowski mistakenly referred to his lleath stage. 
The true Heatli has not been observed to comain any variety of 
marine fornis and the Mollusca recorrlcd by Grzybowski from 
the Healh stage appear to have been collected from this middle 
member of the Zorritos formation. Jiulging by the thiclctiesses 
given. Bosworth inclndecl Grzybowski’* ITeatli stage in what he 
tertus the Zorritos formation, 

The true Zorritos is readily distinguished from the over- 
lying Talara and underlymg Heath, Tt reaches a maximum 
lliicknes* uf 755 feet. Tlieie is much pctiiflcd ivooU near tlie 
top and this horizon probably rcprcscnts the Arbol sandstone of 
the Peruvian geologists, It contaim a profuse molluscan fauna 
iti its lower and upper members and a sparse flora and fauna in 
its middle member. These separate fati nas show a certam con¬ 
trait which is beliCYcd to be an cuvironmcittal and not a chrono- 
logic facies as will be brought oui in Mr. Spiekeris report. The 
Zorritos is known to continue nortbward into Ecuador. It ex- 
tends southward from Zorritos along tlie coast nearly to Talara, 
is exposed at Talara and also outcrops in the bend cf the 
Amotape River in the Province of Sullana, Its fauna shows but 
slight relati011 ship with that of the Califomian Tertiary but 
lias much in common with that of the Caribbean Mlocene 
and to a less extent that of Southern Europe. It is dosely allied 
to the Gatim fauna of Panama and the Chipola fauna of Florida 
and ts of Burdigalian age although it appears to be slight 1y 
oldcr than the fauna of the Bowden mari of Jamaica. 

It appears to be of the sanie age as the so-callcd Xavidad 
fauna of Southern Cltile ftlie Xavidad is believed to represent 
more tban a single horizon), but has scarcely anything in com¬ 
mon with the latter. This would seem to indicate a westward 
Continental extensiori somewhcre between latitudes lO° and 30° 
South which divertecl the lovvcr Miocetie Humboldt current off 
shore and dissipated whatever climatic influence it may have 
had at that time, since the differences between tlie Zorritos and 
Xavidad humas uaiinul be cxplahied by mere differences in 
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latitiule becausc the Navidad betis contain & profuse watm 
temperate terrestria! flora of unmistakable character. 

The Heath stage has a thickness of at least ioco feet !S 
Tt consists of provailmgly tiark shaley deposits with subordinatc 
amounts of sand with considerable gypsum and carbonate nodules 
in its upper part. Aside fram greenish clays with abundant 
remains of the Ptcropod genus Clio and occasional sharks' teeth 
no fossits were ohserved in the Heath and it is of tmknown agf 
The sediments are believed to have been deposited in dee per 
water tban the balance of the Tertiary in this region. 

The Lobitos formation comprises au unknown thickness oi 
inlcrbedded sbales and sandstoncs with layers of beach shinglc- 
It corttains an extensive fauna entircly different from tlut of the 
Zorritos, In its upper part it contains Lepidocyclina and Ortho- 
phragmina, A large oyster, suggesti ve of Ostrea georgiam i* 
conspictions and a cursory examination of the collections from 
this horizon at Lima and at the Johns Hopkins University sug- 
gests that the Lobitos represents tiie npper Clatborne andjackson 
of the United States Gulf section or in terms of the Europcan 
seeliou tlie Anversian, Barloniau aml LuJiau stages. 

The Negritos formation, the oldest Tertiary in this region. 
comprises an unknown thickness of interbedded sandy aml 
claycv strata with layers of conglomeratic materia). It eorre- 
sponds to the lower Clay of the Peruvian Bureau of Mines and 
contains au extensive marine fauna and some petrified wood, 
Accordiug to Marsters an extensive land flora is preseru at cer~ 
tain liorizons hut I have tiot seen any collections of plants from 
this horizon. The sedimenls are prevailingly very shallow \vatet 
aiuI littoral itt character and the fauna is large and. according 10 
Woods. consists of for the most part new species. Mollusca P re ' 
dominate although fishes, crttstacea. corals and a stngle echitioid 
are represented, A large Aturia 2 * is not uncommon and other 
genera such as Turri teli a, Ostrea, Pecten, etc. Woods consi<d crF 
(op. dt.) that the st ages of evolution of the Fencrieardta pl ^ Hl ' 
costa group indicate a correlation with the Tejon beds of O^' 
fornia and with the Witcox and low'er Claiborne of the Gulf 
Section of the United States. A cursory examination of the 
collections at Lima and those presented to the Johns Hopk:i ,1F 
Umversity through the courtesy of Sehqr Bravo indicate f> llt 

* Boring ai Neritos passtd through over j 100 fcct of Healh- 

^This may he Hercoglassc Conrad (EHcUinatflCfras Hyott) wliiclt ' s 
iho onty OphalopocJ in my collections from tlic Xe^ritos. 
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slig-ht relationship wirh the Tejon and more pronounced rela¬ 
tionship with the Claiborne. The Negritos may well represent 
a part of the Wilcox, but in the writer’s judgment the itiitial 
marine transgression in Peru occurred wel! after the begitining 
of Kocene time. The question of the exact date of the first 
Eocene seaway between the Caribbean and the Pacific must 
await the pubi icat ion of Woods’ paleontological studies. From 
the geological history of tlie canal zone and the uumistakable 
evidence of emergence during the late Cretaceom and early 
Kocene from Panama south to Patagonia and Graham Land 
fsee tabular summary in Berry, E* W M Bull. Geo. Soc. Am., 
vol. 29, 1918), the writer would be inclined to date the initiat 
submergence as the correlative of that of the lower Claiborne 
tn the Mississippi embayment, 

There is no known marine Tertiary in the Central Coastal 
region escept die so-called Fisco and Barraucu fur mati otis ot 
Adams. The former is said to contain whale remains and a 
few sliells but these have never been studicd. Its age is given 
by Adams as Plio-pleistocene and that of the Barranco as 
Pleistocene. In the Southern coast regton and extending south- 
ward at least as far as Arica are materials comprising what 
Adams called the Mcquegua formation. These are sancis and 
some clays with much detrital vokanic materia) and as far as 
known are unfossiliferous. In the Vitor valley they are capperl 
with lava flows from EI Misti and are said to reach a thickness 
of 1500 feet. Similar deposits are described In more detail by 
Rowman from exposures in the Majes v&lley* Here the mate- 
rials are prevailingly sandy» frequcntly crossbedded and ripple 
marked, and contain conglomeratic lenses. Three disconform* 
able series are differentiated, the whole upwards of 5000 feet 
thick—the lower sandstone, upper sandstone and largely acolian 
capping, ah wdfhout observable fossils. They are considered as 
having hcen formed during the Tertiary uplift of the Western 
Andes on wide floodplains by piedmont streams and appear to 
sliow a progressive diminution of rainfalE, undonbtedly to be 
correlated with uplift. Their age is thus Tertiary to Recent. 

No Tertiary piant beds are known from the Andean region 
in Peru but such undoubtedly exist and in particalar the niimer- 
ous high basin deposits and the enormous beds of ash and tuff 
covering the Western Andes may be expected to furnish not ottly 
the date but some nieasure of the amount of uplift. The small 
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flora of the Zorritos sliows clearly that at that time the moun- 
taius were not snfticieiitly elcvated to modify the climate -such 
as it was subseqnently. 

There are iiunierotis records of late Tcrtiary maimr.alian 
remains from various loca Iit i es in Peru—in terrace, basin, and 
cave clepo sit s. The most varied faunule is that describet! by 
Nordctiskibld* 5 from a cave known as La Casa dei Diablo (J.S19 
motertO. This mcliuled 

Scclidoilieriiitii CiipHluiii ( 7 erv;iis & Amegliino 
Hyperhipporlilini pcru:imim < Xont.l Sefvt 5 * 

Ornis pf ru:mti* Xord. 

Peli* sji, 

Mephitis sp. 

viciipn.i Molina 
Furcifer j ?) Win^ei N cir<1 
IKcotylcs sp. 

[^iLKiiliiiTU peniqinniil Meyer 

Several horizons are represented sinte the faima is tvidetitly 
mi sed in age and human skeletons were found beneath sorre ot 
the mammalian remains as well as above them, 

Sc elido the riuin was also rccorded by Gcrvais 17 from a cave 
near Cerro de Pasco at 4000 meters, Parahipparion, HipH’ um - 
Mylodott and Megatherium are recorded from Tirapata, 3r ^ 
Eaton M has recentiy recorded Myetodon, Parahippariott, Audie- 
nia {Laniat. Dibelodo» brachyceras and Odocoilctts hraehyecw 
from Aytisbamba. 

BOLIVIA 

Tlie Tertiary of Bolivia is. so far as known, enti re W oi ^ 
Continental type, The rising niovmtains and tlie great volC 3 mC 
activity in the Western range combined to contribute an es ceet ^' 
inglv large amount of materia! to a region covered with a fl 0 *' 
mal forest appropriate to the latitude. Fossiliferous locali' 
cast of the divide of the eastern Andes, as at Potosi, north 0 
Cochabamha and elsewhere in the eastern part of the coodtP 
are too remote for inclusion in the present paper, although 
great interest in determining the time and amoitnt of uplif* 0 
the mountains. 

* NonlctiskioM, E., Eiu neiicr fundort ftir Siingetierfossilicr 1 11 
Pt-ru; Arkiv. fi.tr zoologi, Bd. 4, 190S. 

* St'fve, 1. Kgl. Svensk. veten: Akatl. Handl. FM. 46, Xtx j, iyfO- 

n De Ca&teLmui Expeditiori dans PAmeriquc du Sud, 

''Eaton, G. F. r Aro, Jour, Sci p vol, 37, pp, 141-154» 1914. 
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Although frequently interpretet!! as lacustrine cleposits the 
great bulk of the thick series skirting the main chains of the 
Andes and attaining enormous thieknesses on the high platcau 
nr altapkmicie, are struam yailey fili (waste slupes) and aeoHan. 

At Corocoro these deposits are capable of a three-fold divi¬ 
siori which Berry and Singewald, in an unpublished manscript, 
liave called the Vetas, Ramos and Desaguadero series. The first 
iwo are of considerable economic interest becatise of their cop- 
pcr content and because they have had various earlier ages 
assigned to them, ranging from Carboniferous to Cretaceous. 
These, whieh were little more than gnesses. need not be cited 
here. 

The Vetas series comprise over 5000 feet SB of interbedded 
red sun-cracked shales (53 per cent), red and gray sandstone 
[25 per cent) and gray conglomeratio sandstoncs and conglom- 
erates (22 per cent). These beds are non-gypsiferous and the 
sands consi st of quartz and feldspar (plagioclasc), the latter 
often fresh and glassy and in excess of the former, with cotisid- 
erable chlorite and sonie calcite. Pebbles are igneous, commonly 
hornbleti de-an desite porphyry or hornblende-diorite porphyry. 
Fossi 1 piant s are exceedingly coiinnon, especially in associat ion 
with the copper, ^3 species having bcen detennined. Of these 83 
per cem are identical with the very ntuch more extensive Flio- 
cene flora described from Potosi. Similar piant and copper 
hcaring beds are fourd to the southward as far as ChacariUa, 

The Ramos series comprise a stili greater thickness of 
mostly red, very gypsiferous shales (81 per cent) and sandstoncs 
f [9 per cent) with less than 1 per cent of conglomerate. Beds 
are ripple marked and sun-cracked and without fossils except 
for Macrauchenia holiriensis (Huxley ). Overlving the Ramos 
is the Desagnadero series whieh lacks copper mineralization and 
gypsum and consists cssentially of red often sun-cracked shales 
with suhordinate amounts of fiue-grained sandstone. Much of 
the materia! is of volcantc origin. The age is uncertain, the only 
ktiown fossil being an Edentate footprint whieh may be either 
Pliocene or Pieistocene. It is believed that the Desagnadero 
series is of wtde extent in the inter-Andean region of Bolivia 
and in part at least the equivalent of the Pttna schichtcn of 

a Thicknesses wcfe irttASUret] in the \i*uM vL + ay f bxtt nre 
fxcessive because of slope dcposiuon. 
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rompcckj 1 * 0 and the Mauri vokantc series of Douglas" from 
which last a fragment of Nesodon and silicified wood of somc 
species of Lauraceae have beeti recorded, and that it eorrespond? 
to the mammat beds at Utlonia (3800 meters) from which the 
following have been recorded: 

M a sl otlon frcliviamis 
Mvpjith^rium sundri 
ftcetidothcniim boliviaimim 
y I .±cr a uc hcit i ii u llovncus i * 

! lippiri jutu varium 
Parali i pparion boli viamini 

and with the piant bearing tuffs at Jancocata which contain a 
cnnsiderable unpublished flora representing the genera Alnus. 
Osteomeles, Polylepis, Cassia, Pteris, etc. 

Remains of Megatherium are not uncoramon at many locali- 
ties on the high plateau associated with Macrauchenia and Hip- 
pidimrt (as on Lake Titicaca. at Miraflores, Suere, etc.) and a 
cnnsiderable mamma!ian fauna has been described from the 
Tarija region (1900 meters) which includes Glyptodon, Hippi- 
dinm, Lcstodon. Megatherium, Mastodon. Scclidotherium. Mylo- 
don t Afaerauchenia, Canis, 'Auchenia, Machaerodus, HydrocW 
erus. Euphractus. etc. 

Nothing is known regarding the Tertiary Continental depol¬ 
it s west of the Cordiliera Occidental in Bolivia where the region 
is. largelv huried by volcanic debris of late Tertiary to Recent 
age. 

CHILE 

There are at lea st two marine Tertiary horizons along the 
Western coast of Chile. The oldest of these constitutas the 
so-called N T avidad beds. These are shallow water, prevailingly 
arcnacenus sedimen ts. with locally a considerable fauna. Thdr 
areal distribui ion, stratigraphic or structural relations have never 
been described in any detail and there has been a tendency. well 
exemplified hv Aloricke, to carry the narne to uncertain limits. 
Seattered outcrops from latitudc 30° to 40 15 South, and possibly 
heyond. have heen recognized. The fanna, which is extensive, 
hos been described principal ly by Phillips* and Moricke.** 

" Pompcckj. J. F., Palcontopraphica, Bd, 52, 1905, 

*' Dnugkis. J. A,. Quart. Jour. Geol. Soc, Lond., vot. 70, p. 23, 1914- 

” Phillipi, R A., Die tertiaren tind quarta ren Verstcinernngen Chiki: 
Leipzig. 1887. 

“Moricke, W. f Ncnes Jalirb. Beil., Bd. to. pp. 548-612, pl. 11-13, 18$. 


Digitized by 


Google 


Original from 

HARVARD UNIVERSmf 



I ’■ JST-C R ET AC EOL’S Ff 1R M AT U >N S 


85'J 


It shows no dose relationships with the fannas of corresponding 
age around the borders of the Gtilf of Mexico and Caribhean 
and practically no similarity to the conteniporaneous fauna of the 
Zorritos formation of nortfaern Peru. Its relations are with the 
Tertiary f au nas of the Southern hemisphere and especially with 
the nearby faimas of Southern Argetitina, 34 of the Navidad 
species occurring in the Patagoman and 4 in the Magdlanian 
of Argenti na* 

The Navidad beds rest unconformably 011 the upper Creta¬ 
ceo us* 4 in the Concepcion-Araueo region where best known, and 
comprise a basal conglomerate overlain by a series of shales 
and coarse sandstones with coal seams. The beds vary greatly 
both laterally and vertically. In general there is a coal free 
basal portion with . sonie marine intercalations, 146-325 feet 
thick, overlain by from 300 to 750 feet of shales, sandstones and 
grits with several seams of workable coal, overlain by a variable 
thickness of coarse sandstones with some marine fossils similar 
to those below the coals. Associated with the coal is an exten¬ 
sive flora, first made known by Engelhardt 85 This now com- 
prises over 100 species, the most prominent families being the 
Legu m in osae, Rutaccae, Dilleniaceae, Flacourtiaceae, Lauraceac, 
Myrtaceae, Apocynaceae and Rubiaceae. This flora contains no 
elementa of the existing flora of Central Chile but consists, in 
the matn. of representatives of the existing flora of the montaiia 
region of the eastern Andean slopes north of Central Bolivia. 
This flora is clearly low T er Miocene in age and serves to confirm 
the lower Miocene age of the Navidad marine fauna. although 
it should be noted that the marine fauna associated with the 
coal measures is limited and the hulk of the Navidad fauna 
comes from farther north (Navidad is in Latitude 34 0 S.). It 
is quite possiblc that the Navidad as a whole should be corre- 
lated with the Aquitanian and Burdigalian stages of European 
geology, There is no basis for considering it Oligoccne in the 
typica! sense and the very prevalent notion that it corresponded 
with the Tejon of California (De Lapparent calls it Sparnacian) 
rested on mixed collections from Navidad and underlying upper 
Cretaceous. and the failure to recognize the obvious uncon- 
formity between Mesozoic and Cenozoic in local sections, 

“ Steinmaim. G., Neues Juhrk KeiL, B<l. 10. p. t, 1805. 

** Engelhardt. H., Abh, Senck, X:itnrf. GcsclL Tkl. 16. Hcft 4, 1891. 
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The second Tortiary marine horizon is that of the so-eatled 
Coquimbo siage of Steinmann, 3 ® named from expo^ures near 
Coqttimbo (Latitude 30° S,) and probabty the same as those at 
Caldera (Latimde *y° 4' S.) and etsewhere in the Coastal resimi, 
as at La Cneva. Sonic shcll maris north of Araneo contain a 
fanna which stiggests tbat tliev are to be referred to the 
Corjnimho stnge. 

At Coquimini the deposits are intercalated soft, nften cal- 
careous, sandstones, maris, sands and conglomerat es, The maxi¬ 
mum thickness is about 200 feei. The knowti fauua 31 condsts 
of about 60 species nearlv ali of which are extinct torms. but 
ctosely allietl to the existing fauna of the Pacific Coa st remori 
artd regarded as Pliocene in age. The Coqnimlxi is ovetlain 
in places by marine Tieds constituting the Valparaiso stage <d 
Steinmann and of Pleistocene age. Outcrops of the Coquimlm 
stage were referred to by d'Orbigny, Darwin, Cav T Unpe and 
mhers arui were formerly rather generallv regarded as Mioccne 

Continental deposits of imcertain age, and ranging from 
Tertiary to recent, forrn mneh of the desert country lyincr 
between the Andes and the coast. A considerable nuniber of 
the famitiar Andean types of inammals (Scelidotheriwm, etc. 1 
ha ve heen descrihed from Tara paca and e 1 se w here ftoutlnvard to 
Patagonia. 3 * Ligni tic strata have bcen recorded by numerans 
travellcrs tLmmghout Southern Chile to Tierra dei Fuego, and 
iherc has lieen a tcndency. as exemplified by Rriiggen to regard 
thenl as & southwat*d conti nualion of the Conceprion-Araueo 
Coal Measures. This is rendered doubtful by tlie section dis- 
envercd near Ptinta Arenas and identified at various localities 
in snnthem Patagonia and Tterra dei Fuego. These bed* have 
Iktii descrihed hy Ortmann, Hatcher, Nordensktold. and others. 
and are of espccial interest to the stndcnts alike of paleoMam 
and Continental history, 

The section, somewhat abbreviated. is as fpllows: 

1. Jxnids. li^niiic SriildstOne. and conglomerate* —horizon V of Hotdltfr 
= Fatagoniiui formaliori of Ortmann~ tiurdigaliim: 
j. SaiuUtnnes with ligtiiir hpds and foss-il plunts^ horizon IV of 
Hatcher = l-pper lignites or Puuta Arenas coal Mioceiic Arau- 
carta betis of Diiscn = Acqiiitanian; 

,1. Sand^-tone wiih «sysier beds = horizon HI of Hatcher = Qligocene; 

*Stciiunami. G,, Xciics Jithrl».. Hei!. Bd. 10, pp. 5J.V,q*, t&)6. 

aT Mfiricte, W., <>p. cit, 

* Nnrdcnskiold, li„ kgl. Svciisk. vetens-akad. i fandi. Bd. 3.1. No A 

1900, 
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4 fiaruUtones wiili fossiliferm», cakarenus I en sos = dignotu c; 

5 Fossilifcroiis bcds = hnrmin II nf HatcluT — 01ij?oc<;iio: 

(■). Snnd and sfuwktoiic witli fossili finitis cakarcmis rdiHTftbtis and fospil 
plaiits = hnrknti T <>f I lati'lier = 01 igoec[K- l*VirfCTis of 

I Urseti ~ Olivarem; 

/. blynitic dialf s — lowrr ligniu’* of Tlatchcr = Oli^neciu - . 

This section presents thc rccord of a minor oscillatio» of 
the strandline with Continental deposits passing into lagoonal, 
and these into littoral and shallow-water marine, and then 
gradually shallowing and pcrhaps becoming emergent during 
the Aquitania», followeii by a marked transgressio» in the Burdi- 
galian. At present our chief interest centers in the Fagus zone 
and its flora, This flora, as described by Dusett,™ consists of 2(j 
species, of which a Flabellaria of doubtful vahdity is the only 
<me that occurs in the Tertiary floras already emunerated from 
South America. The particular facies of this flora is furnished 
by thc abuudancc of Fagaceae. This family is representcd by 
two species of Fagus and by 13 species or variet ies of Notho 
fagus. This flora is certainly older than tbosc already men- 
ttoned and it is as certainly Tertiary in age. It imquestionably 
had its begimiings in the northern hemisphere and has also been 
found to be represented at somewhat simi lar borizons in Aus- 
tralia, New Zealand, and Antarctica. Tbat it did not migrate 
into Patagonia from North America appears to be probable from 
the abseuce of any definite ancestral assemhlage in the ahund- 
antly fossiliferous Upper Cretaceous or Eocetie of the latter 
continent from which it seems probable that it could have been 
derived. Nor are any Iraces of it found at more northern 
bcalities in South America. The explanatio» seems to be tbat 
it reachcd Southern South America from the opposite directiori, 
namety, Antarctica. 

A very interestiiig Tertiary flora has been reccntly de¬ 
scribed 40 from the hortler of the Antarctic continent on Seymour 
Island, off the east coast of Graham Laud. This flora contains 
a large dement of subtropical types like those found today in 
Southern Brazil, and another large element of forni3 suggestive 
of the existing temperate flora of Southern Chile and Patagonia, 
and including species of Fagus and Nothofagus like those found 
in Patagonia, Chile, Australia and New Zealand. Dusen, ignor- 

“ Dh seu, P,. Uvbrr die tertiiire Flora rkr Magvltitnsliimkr; Svenskn 
Expeti, till Majjt'll;iiis liiii der na, lland (, pp, N7-107. pls. K • rj. ■ 

*" Un^eii, P., Vht-r ilio Terliire l'lor,i der S^ynnmr Insel. \Yi*s. 
Erjfdi. Pchvvt-d. Siid-polar-J\x]H:d,: pp.. 4 pU, Kami j, 
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ing the usualty mixed elimat ic character of early Tertiary fiora>. 
and the as sociat ion of tropica! and temperate types under favor- 
ahle conditions of humidity, and basing his conclusions ori the 
hroken character of the fossi! remains of these temperate types. 
reached the conci usi on that the temperate and the subtropica! 
elements werc contcmporaneous, but that the latter were Coastal 
fornis under a subtropica! climate, while the former grew in the 
vicinity at eleva tions which he suggests amounted to 6500 fed 
or more, and were brought by st ream s to the littoral basin of 
sedimentatbn. If this is true, it indicates a considerable 
niountain chai» of the Andean type forming the axis of Graham 
Land at that time as it does at present. The only evidence bear- 
ing on the age of the folding, wliich may really have little bear- 
ing on the time of elevation, is the presence at Hope Bay. on 
Grahaiu L,aud, of an extensive late Jurassic flora 41 found in 
Continental beds which are involved in this folding, Duseti 
concludes that this Tertiary Antarctic flora is older than that of 
the Fagus aone of the Magellanian beds. 

Poorly preserved mollusks associated wtth the plants are 
considered bv Wikkens to represent wliat he calls the Patagonian 
Molasse, but since the latter is more or less composite, as Wind- 
hausen 4 * has shown, and includes faunal elements belonging to 
tbe lower Focene San Jorge formation as limited by the latter 
anthor, the evidence for the oorrelation adopted hy Andersson" 
can tiot be said to be conci usi ve, The presence of Zeuglodon 
vertebrae, dcscribcd from this locality by Wiman, should prob- 
ably be con sidered as evidence of Eocene age. I would there* 
fore dissent from Wilcken*s conclusions that this plant-bearing 
sanrlstone is upper Oligocene cr low'er Miocene in age and 
would consider this flora as of middle or upper Eocene age. 

As shown 011 the aecompanymg diagram the writer negaret* 
thv Fagus zone of the Magellanian, as Ortinan christened these 
beds. as prohablv Eocene and the Araucaria znne as probably 
Oligocene, 

“ Halle. 'I', 0 ., Tbe Mes«*nic fk>r:i Grnham Lami: Sivedisli Seuih 
I'<»lar Fxped.. nxn-190.1, 3, lief 4. 123 pp., 9 pls., 1913. 

11 Wjmlhiiiisen, A-, Tlie prohlem of the Cretaeeous-Tcrliary boundar? 
in Sntiih Amer teri aticl the Strati^raphic position nf the San Jorjje furosa- 
tion in lbitsMfonia: Am. Jour. Sci, (iv), vol. 45, pp, 1-53. 1918. 

M Amlt’rsstiii, j. Gnnn.Tr, On the yeolngy of Gratiam Latid- IhtH 
Geol. Inst. Ipsala, vol. 7, pp. 19-?!, pls. 1-6. Tpo6. 
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The age of the Argentine Tertiaries have been ably dis- 
cussed within the last 15 years by Ameghino, Roth, Gaudry, 
Scott, Hateher, Ortmann, von Ihering, Wilckens, Cossmann, 
Wimati, MattheWj Windhausen and others. A rcview of for- 
mational names proposed and correiations suggested would be 
too lengthy as well as somewhat outside the scope of this paper, 
The following summary of the more important terms in the 
form of a di agrarii of the mo vernent of the strand mnst suffice 
in the present eonnection. (See fig. 1.) 


West 

Pieistocene 


Pkocene 


East 




AH 



Cape Fairuw altar to south 
Parana to north 


'SentaCruz 


Mioceno 



Pyrothertum ta<Ts Punta Arenas coaj^ 
Ara.iea.rLa zo 


OUgocene 

Notastylopa bed s 

Eccene —__3an Jor^e (Roca) 

_QpniLnental varvtyne d Cre tacftpus aandstohes~~^^-— ^ 


Piocre 1. Genemlisred diatrnmi of the Ttrtiary movemuit of tht' 
str:infl in sotitiheni Argenti na. 


It is tn te resti ng to note that although a barrier between 
Chile and Argentina in the Andean region is indicated by the 
Western limits of the Sar Jorge and Fatagonian seas, by the 
contrasted climate east and west of this barrier at the time of 
the Navidad flora, and by the volcanic materia! in the Argentine 
Continental deposits, the marine Cape Fairweather beds exposed 
at sea leve! on the Straits of Magellan are involved in the 
Andean structure and elevated to a height of 5000 feet at no 
great distauce to the «orlhvvesl iu the Andean chaitls (Hateher), 
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GRATIAM LANP 

The rcsults of the Swedisli Antarctic Expedition have made 
known a considerable section on the shores of the Antarctic 
which shows a remarkably sim i lar sequence to that along the 
South American coast, A brief sgmmary shows that followitisr 
marine conditions and a rich Indo-Pacific Ammonite fauna <>i 
lipper Cretaceoits age there was emergence toward the close of 
the Cretaceous, as in Patagonja and throughout ah of the South 
American coasts. A positive movement of the st rami Ioni; atier 
the dawn of the Eocene is shown in Graham i,and hy litti md 
sediments with fossil laml planis followed by emergente in 
Oligoccne time, The I>urdigalian, a time of transgressio^ mi 
Initii coast s of South America is possibly represeuted by a |>art 
of the yonnger Seymonr Isi and beds of Andersson, A third 
cmergence (lipper Miocene I is sticceeded by the Pecten beds 
which may represent the Pliocene marine beds of South America, 

CORRKr.ATlON OF FORMATIONS 

The followinp rabie, Table i, summa rizes the exi^ting 
knowledge of the relations of the Tertiary sediments of Western 
South America, 
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THE BASIS OF THE CORREEATIOX OF POST-CRRTA- 
CEOUS FORMATIONS OF THE PACIFIC REGIOX 

Bv T. Wayland Vauchan 

INtRODUCTION' 

As the standa rds of geological chronology ivere first e^ali- 
lished in Europe, where geology had jts birth, geological events 
that transpired in other parts of the world must be dated \viih 
reference to those standards. But before European stamlards 
can be applied else where with assured correctness. it is nece^sary 
to establish essentia! contempora ne ity of events, in other words 
make geological cor rei at i ons. 

The tnore important criteria used in geological cor relati™ 
are as follows: (i} Stratigraphic criteria which include con- 

tinuous tracing of formations by Hthologic features, the signiti- 
cance of Hthologic characteristics, and the stipe rpos it ion of for¬ 
mations: {2) biologica); (3) diastropliic: (4) cliuiatic: and 
(5) physiographic criteria. 

It wotdd be pertinent to discuss here the limits of the ap- 
plicability of each of these sets of criteria and particularly to 
point out the weaknesses of each set, but to do so wotild require 
more space than shouid be devoted to this paper. The areal 
limitations of criteria based upon stratigraphy. diastrophici?. di* 
matic changes, and physiography are known to ali geologisE* 
and the mention of these limitations is sufficient* One ot the 
defects of hiological criteria wilt bc inentioneiL It is the as*timp* 
tion in the Evelli an metlvjd of classi fying Terti arv marine 
deposits according to the pcrcentage of species stili living. that 
the rate of organic ehange is the same for ali parts of the earth. 
There is very good reason to believe, as has been made evident 
in several of the preceding papers of this set, that the rare of 
organic evolution has not been the sanie everywhere. and that. 
specifically, change has been slower in the tropical Pacific and 
India n oceans than in temperate climates and in the wamier 
parts of the Atlantic. There are other defects or limitations in 
the hiological method hnt they will he jiassed without o>r- 
sideration. 

When ali merhods and criteria of correlations are admifred 
to be defective by those wlio have carefully studied the snhjccc, 
the question natnrally arises, how can a convmcmg residt I* 

( 866 1 


Digitized by Goo 


Original fre m 

HARVARD UNIiVERSfTY 



I 'f ist-Crkta ci-;< ius For m at ii 


867 


obtained? This seems possible only bv combining different sets 
of criteria. except in regtons where contimious tracing of forrna- 
tions within the sanie ecologic province is practicable. 

As the margins of the Pacific and the islands within its 
confines are remote from Europe, direct tracing is out of the 
question, but two possibili! ies are presenL One is to correlate 
with Asia and work westward across it to Europe: the other 
is to correlate with America and through it to correlate with 
Europe. But it will soon be made evident that the entire prob- 
lem cannot be solved in tiiis way and that addit ional criteria 
mnst be tttilized. 


CORRIVATIO X TtY WAV Of ASIA 


The possibilitv of correlation by way of Asia is indicated 
on the paleogeographic maps of de Lapparent and Haug. Ac- 
cording to these authors the Atlantic Ocean was in communica- 
tion with the Pacific by the Tethys Sea of Suess, during Eocene 
time, and they helieved communication comimied through a 
part, if not all of Oligocene lime. But it is highly improbable 
that there was any snch marine connection during Oligocene 
time, although several paleogeographers represent a contimious 
water way from the eastern Mediterranean to the Pacific, The 
inference from WadiaV summary of the gcologv of India is 
that the sea retreated from the Himalayas during later Eocetic 
time. 

Martin has apparent ly given definite evidence as to the time 
when the East Indies werc cut off from marine communication 
with the Mediterranean. 4 The evidence cannot t>e presented here, 
hut his coticlusions are as fottows; 


Ztir Zeit der KiiWuhuni; cU-r rndiitcii yoii Maii^nulati, 

wddif vnrlii illiti an (lie Ha^ls des olntill Tv k:iI t'' gcstdlt simi. w;ir das 
(rdiiet des jzijson Java vnlWiiidi.n v<m Tethys hi^ddst mid sdidem isi 
dic Vcrland utift mi* IrlztmT andi nieitvils wieilor lierjiestcllt. < >1 iule it h 
wfihrcnd der ir;niwn Tertiarperiixle cille nmniterhmclitiK' Sentium; in der 
malayischen (leosynklinale stjiit fn 11(17 


He also says: 

Dic Patina des atteren Xeoficrts der Malayiselien Ricinii isi don 
Rleiehqltrigcn vnn Europa and von aude ren Ccgemkn nodi ve rivandi. 


1 Wlidiu, D. X., Geolngy of India for stiulents: 308 pp„ jo pts., yj 
text-figs., Macmillian and Co.. Londnn. nuo- 

1 Martin. K., VVann liistc sidi das Cidtiil cks IndFdiru Ardiipels 
von der Tethys: Samnii, gcol- Rcidis-Mns. Leideii, sit. i, vol. <). pp. 
337‘355 JOM. 

1 Op eit.. n 353 
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w;is nuter amlrmi diirch -die Fora mini fc ren zum Ausdruck kommt; die 
Fnssilien des Xco^cn* fiihren dann nllm.ihlieh zu den heute noch leben- 
denen Ari en des Itulisclirn Archipels hiniiber. WemiKlcirli wohl stels 
rin Anstiiusch mit licnaclihartcn Cebicten Staml fatid. s*> dnrf man dwh 
dic /jrtiijf trriiSrt I-nunn der heir brfwndcltcn Rrgion im wcscnttichm 
<t Is mitofhlhon betrachtetif 

Fe sides the eastward extetision of the Atlantic throngh 
Tethys there was commiinicatton vvith the ArcticOcean by means 
of an arm over the Caspian and Aral Seas and the Ural Moun- 
tains dtirlng Eocene time and it persisted diiring Oligocene time, 
bitt the connection of Tethys with the Arctic probably did not 
cause any migration of orgamsms from the Atlantic to the 
Pacific by an Arctic route, During Miocene time Tethys no 
longer existed and communication between the Atlantic and 
Arctic by way of the Aral and Caspian Seas was closed. 

From what has heen said of marine faunas, tracing from 
Knrope to southeaslem Asia is possihle for early Eocene, Init 
it is tiot possihle for later Eocene, Oligocene, and Miocene time 

More use shoitld t>e made of terrestrial organisms in corre- 
lating along the Asiatic littoral than has yet been done and the 
work of Matsumohi on the fossil vertebrates of Japan, s Mansuy 
011 those of Frencli InrloChina t fl and others on the fossil verte- 
hrates of easteru and southeastern Asia deserves speciaE com- 
mendation, Resnlts in Asia comparable in value to those ob- 
tained by Merriam in California and Seliards and Mcrriam in 
Florida may hc confidently cxpectcd. I have not been abEc to 
stmly the literature on Asiatic terrestriai organisms sufliciently 
to asccrtain liow mucli assistance they can at present give in 
determining the geological age of marine strata. 


CORRrXATlON HV WAY O? AMERICA 


The possibitities of correlation by way of America vili ^ 
introduced by mentioning two inferences regarding the pale<>' 
geography of Western Europe and the North Atlantic Qcear. 

The first of tliese appertains to climate, Ha«g T $ays: 

Near the bejrimiinK of the Numnuilitic period, during Ilie Tban e ' 
linti, wc have mirnerims proofs of the arrival of rclativcly cold water i* 


1 ( >p. dt.. t>f' ,15-J- 355- 

1 See paptr k Professor Yahe in tliis volunie. 
a Mansiiv. i ISur quebiiics mani mi feres rcccin ment deconverl 
Indodiine: Serv. gc«>l_ ite rindocliitte Meni., vol. 5, 26 pp„ 6 pl?-. 

T Trahe dc flenlofjic. vol, 2, pp, 1565-1566. 
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far iis cvntral Europe. . , Durmg the Londiiiian we lind agam llie 

greater part of the borea! dementa r»f the Thanetiau . . . , 

During ihe Mcsiinmmiiiulitic pcriod, wnrm current» imroducctl inio 
Ihe Anglo-Harisian basin, by way of the Etiglish Cliaimd. a fauua the 
greater part of whose species appear to be of Meditcrraneau origin, 

The data regarding the Miocetie climate of Europe are 
meager according to Haug, but tlie temperature of the sea dur- 
ing xAquitanian time in Southern Europe was warm. Farther 
north but later in the Miocetie, on the shores of England and 
the low countrics the number of species characteristic of the 
preseut Arctic Seas sleadily iuereases from tlie begiiuiiitg tu 
the end of the Neogene* 

Although the amount of Information on the Tertiary climate 
of Europe may be small there is enotigh to show both climatic 
zoning and climatic oscillation. The climatic oscillations parallel 
rather closely, if not preciscty, those during Tertiary time in the 
southeastem United States. 

The other featurc of the Tertiary geography of Europe to 
be mentioned is that according to Haug during Eocene time 
there was either shallow water or actual land connection from 
Scotland and Ireland to North America, and this explains the 
near afitnities between The shoal-water middle Nummulitic 
faunas of the Atlantic slopc of the United States and those of 
the Paris basin. 9 During Miocene time, although North America 
continued to form a part of the North Atlantic continent, Europe 
was separated from it prohably by an arm of the sea which 
lay between Spitzbergen and the Finno-Scandinavian massif and 
emptied into a gulf now covered by the North Sea. 10 There 
was during Miocene time, according to this hypothesis, an op- 
portunity for the migration of littoral faunas between north- 
western Europe and northeastern North America. 

The status of the correlation of the marine formations of 
eastern North Amerird. the West fndies, and Central America 
has becn summarized in a preceding paper of this series. It 
seems that most of the corrclations through the Eocene and 
lower Oligocene are essentially exact, and that the probable 
lirnit of error in the correlations from middle Oligocene to 
Pliocene is that of one stage. For instance, it is possible that 

' Haug, E., Traite < 1 * genlogic, vol, 2. p. rjr.n. 

* Haug. op. eit.. p. 1 t.sy. 

"flsuig, op, dt>, p. 1732. 
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what I am correlating with the Rupei ian of southem Europe 
might be Chaitian. In America as in Europe there are two 
climatic pro vinces, a warm water fauna in the south and a tem¬ 
perate or cool vvater fauna in the north. Fortunately the two 
provinces meet in Florida and there was climatic osciilation which 
caused retreats and advances of the two faunas, so that it ha> 
lieen yx>$sible to ascertain their stratigraphic relations. It has 
also been possible to correlate the cool water faunas of the 
Atlantic coast of the United States with cool water faunas *tf 
westem Europe and to correlate the warm water faunas of the 
Caribbeau region with the warm water faunas of the Mediter- 
ranean region of Europe, 

The next step to be taken is the consideratiori of the con- 
nections between the Atlantic and Pacific oceans across Centra) 
America during Tertiary time, Recent studies in Panama. Costa 
Rica, and X i caragii a, ha ve shown that there were in that region 
connections between the two oceatis during middle atid lalest 
Eocene time, middle and latest Oligocene time, and oldeit 
Miocene time. I have also poitited out that there was at sonte 
place probahle cotmection between the oceans during very late 
Miocene or eveii Pliocetie time. Present Information indicate* 
that there was connection between the Atlantic and Pacific 
across Central America at a very much later date than the last 
connection from the eastern end of the Mediterranean across 
Asia, It is therefore highlv important that the fossil marine 
faunas of the tropical Pacific lands should be compared with 
those of Central America and the West Indies. It is very prob¬ 
abit' that the presence of similar organisms in post-Eooeie 
format ion s of tbe East Irtdies and Europe is due to migratiou 
from the Atlantic to the Pacific or tiec versa by way of American 
inter-oceanic connections. 

To one exj>erienced in the study of living Atlantic and 
Indo-Pacific and the Tertiary marine faunas of Europe and 
tropical and suh-tropical America, certam relations, first recog- 
uized loug ago, become incrcasingly more impressive, The>* 
relations. which have been discussed to some extent in a pre* 
ceding jmper by me in this series, are as follows; li) The 
living Atlantic fauna is in many respects strikingly different 
from the Itido-Pacific fauna: (2) The two faunas were not dif- 
fereittiated from one another in Oligocene time and tliey vfTe 
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only sljghtly differentiated in the Miocene. This is true of the 
Oligoccne of Europe as welt as of the Oligocene and Miocene 
of the West Indies and Central America. 

RKSCLTS EXrECTARLE FROM CORRELATJOXS ACROSS ASIA AND 

ACROSS AMERICA 

1. Correlation of early and iniddle Eocene format ion s in 
Pacific lautis should be possible by comparisous with either 
Europe, Asia, or America. 

2. Correlation of Oligocene and older Miocene formations 
can probably be matlc by reference to the American Caribbean 
region as the Standard, if in the south the work is carried north- 
ward from Southern South America and if in the north an effort 
is made to tie to the Western coast of the United States. More 
data ori the stratigraphy and paleontology of Western South 
America are urgently needed. 

3. The correlation of the later Miocene and yotmger 
deposits of the Pacific must be made by means of other criteria 
which wilt now be discussed, 

INTERPOLATIONE RETWEEN OLDER MIOCENE AND RECENT 

As correlations based on direct comparison of Pacific 
marine faunas of later date than old Miocene with European 
or Caribbean faunas are not possible, recourse must be made 
to the following methods: 

1, Later Miocene and ]Miocene formations must in large 
measnre be correlated by iiiterpolation based 14x111 the degree of 
faunal similarity or dissimilarity to older Miocene and to Pleisto- 
cetie and Recent marine faunas. In dealing with later geological 
formations physiographic criteria may be of great assistance, hitt 
again the principle of relative age and interpolation must be 
applied. 

2, The possibility of fixing the age of later Tertiarv 
marine deposits along the Pacific shores of Ixith Asia amf 
America by the utilization of terrestrial organisms should he 
given attention, hecause if deposits of simi lar age occur in the 
islands, the insular marine formations may be correlated with 
the formations of ascertained age on the continents. 

3, The definite Identification of deposits in the tropies as 
of Pleistocene age is difficnlt, for in that region there are no 
direct records of gtaciation, and Pleistocene marine invertebrate 
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fa unas differ only slightly or not at all from the living - faunas. 
Although the faunas should be studied with great care and cora- 
pared with older and younger faunas, the evidence that will 
probabiy be of the greatest value in correlation is physiographic 
The possible effects of glaciation and deglaciation on lowerin? 
and raising sea-level, particularly in the tropics, are based on 
principies so sound that there seems to be no escape from the 
conclnsion that changes in the heigbt of sea level must have 
l>een produced by sucli causes, Changes in sea level produced 
hy glacialiori and deglaciation should have left physiographic 
records, at least some of whieh may reasonahly be expected to 
have been preserved, \ r ery accurate study of the phystography 
of the Pacific lands is important for mauy reasons, one of whieh 
is the assistance such a study may render geological correlation 

coxclusions 

The following suggestione are made regarding investi?»' 
tions needed for adequate correlation of the geological format ions 
and their associated phenomena in Pacific lands: 

r. AH investigators will agree that the first essentiab » rc 
detailed studies of the fossil biotas and their stratgraphic rela- 
tions and comparisoiis of the biotas with European, Asiatic, West 
American, aml Caribbean biotas of ascertained age on one haud 
and with the living Indo-Pacific biota on the other 

2. Other essentials are monographic accounts of the Ter - 
ttary biotas of the Caribbean region. Although steady an( l 
rapid progress has heen made during the past few years in the 
study and description of these biotas, not enough has yet bee 11 
published to supply an adequate basis for the etucidation of th* 
fonnations of the Pacific. Several volumes have recently be# 1 
published on Caribbean paleontology, the manuscripts for several 
other volumes are awaiting publication, other volumes are m 
preparation, and others are planned. Geological surveys 
several West Indian islatids are being made and they will 
additional useful Information, but provisions are not yet suffi¬ 
cient to meet the demands for Information on the region, 
Carihbean region is a geological key region of the world, ^ 
some respects transcending in importance the great Htmalayan 
geosyncline. 

3. Although I am not in a position to review knowled? c 
of all the groups of organisms represented in the Tertiat? 
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deposits of Europe» I can spcak with assurance rcgarding corals. 
Tlic Tertiary corals of Europe urgetitly need critical revision by 
•ionicone familiar with tbat entire group of orgamsms. Dcscrip- 
rions of species by paleontologists working on local faunas or 
fauuules do not suffice. Knowledge of some other groups of 
organisms is, I believe, in more satisfactory condition, the fora¬ 
mini fera, echiiioids, and Mollusca, for instance, but catalogues 
of genera and species giving precise localities and tbe strati- 
grnphic position of each species would lie very helpful to inves- 
tigators working outside Europe. 

4. Without having made an exhanstive study of the origi- 
nal sources, but from reading sevcral summaries, the impres- 
sion has been made on me that the marine deposits of ages 
subsequent to later Eoccne in India and other parts of Southern 
Asia need far more study than they ha ve yet received. It is 
possible for the geologists of the Indian Survey to help in the 
sol ut ion of the problems of the Pacific by preseuting a summary 
of available Information on the Tertiary stratigraphy, paleoii- 
tology, and paleogeography of Southern Asia, by clearly pointing 
ont wherein Information is inadequate, and by tmdertaking to 
ohtain data to fili the recognized deficiencies. 

5. The value of the study of terrestriai orgamsms in fixing 
the age of marine deposits on the continents has been mentioned. 

6. Fossil biotas of Tertiary and later age cannot be prop- 
erly interpreted without full knowledge of living biotas. There- 
fore, it is of prime imponance in the study of the fossils of the 
Pacific to have as complete Information as is possible on the 
living organisms of the Pacific. The value of knowledge of the 
Caribhean regioti in understanding the Pacific has been pointed 
out. In order better to understand the fossil biota of the Carib- 
bean region, and through it the Pacific biotas, knowledge of the 
living Atlantic biotas needs to be more intensive. 

7. The importauce of the intensive study of the physiog- 
raphy of the Pacific islands has been mentioned. In my opinion 
some of the problems of geologic correlation can be solvecl only 
by combining the results of physiographic in vestigat ion s with 
those obtained through stratigraphic and paleontologic researches. 
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THE FRAMEVVORK OF THE PACIFIC 
By E. C. Andrews 

(NiiTE: Mr, Andrews leti tbe difiCU&sioii wilh h lirief state- 

ment dc<dtng uitli Lhe structu ral unity of the suboccatiic ttiass of the 
Pacihc Occa 11, together witli the margins of ttie variotis continents facing 
tliat oceati. llc pointed out that Dr, T. C- Chamberlaiu many years ago 
from genenti y>riciciplc^ had consideret! the suboceatiic niass of the Pacific 
as forming a structura] unit. During the pasl fiftecn ycars Mr. Andrews 
lias been leti to considor the massif umleT considerat ion as forming a 
ftcographical and gvologigal unit for a coti side rublc period, The arrange- 
ment of the topographic fcatures indicated this unity as ilating hack to 
the Cretaccous at least, whereas the geological structuros within and 
around the Pacific indicated the structuraI unity of the massif from the 
present time to a period re mote in geological time. He proposed only to 
supply the e vidente in tinis comicctiou as far hack as the Cretaee ous, and 
hc woulcl lea ve the proof of this unity in limes stili more remote to Drs. 
T. C- Chamberlain, T. Wayland Vauglian, Warren Smith, and N. Yamn- 
saki, The wotk of Drs, T- A, Jaggar. W. Bowic. F. Omori, and H. O. 
Wood* also supported the idea of Pacific unity strongly from the poin* 
of view of structure. The cvidence aildnced !>y Mr, Andrews was then 
presented.) 

The Pacific Ocean mav be regarded as fonuinp two portions, 
an eastern and western one. The true margin on the cast mav 
be considered to be the western edgc of tbe American continent, 
thence to the sotith it tlirns easterly hv Cape Horn to Ant¬ 
arctica. thence to the west and north by wav of the Antarctic 
Islands. New Zealand, Tonga, the island ares Ivtn^ north and 
northeasterly of Australia, the Philippines, Japan, thence thrcnprb 
the Aleutian 1 stantis to the American continent. Marshall. of 
Dunedin, has made an illunii nat ing statemetit in this connection 1 
for the southwestern ponion of the Pacific. 

The eastern porlion of the Pacific is almost free from 
islands. whereas the Western, and especially the south. westcru 
portion, contain many island groups. Thesc islauds ha ve a 
peculiar disposition. They are arranged in ares of citrves. which 
follow the genera 1 curvature of those margins of the continents 
fronting the western Pacific, and to which they are nearest, 
Thus New Zealand, the New Hebrides, and the associated 
groups. conform geometricaliy to the eastern curve of the Aus¬ 
trali an continent, tlie Philippi nes and Japan to the neighboring 

1 P. Marshall, Prne. Attsiraliati Assoc. Adv. Sci., Sydnev, iqn, 
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curve of Asia. The Hawaiian and Samoan ares confortn iren- 
erally to die northwestern margin of tlie Americas and to the 
Australian curve. 

Another point of great interest also is tlie disposition and 
ihe elevation of recent coral limes tone. Jn tlie eastern Pacific 
raised cora! rcefs. apparetitly of Pleistoceiie age, arc alinost 
absent. In Hawaii thev ha ve been recordet! a few feet above 
sea level, so also for the Samoan and Society groups. In Tonpa 
raised Pleistoceiie reefs occur at least 400 to 500 feet a bove tiie 
sea; in Fiji they liave been recorded as 1000 feet above the 
sea, while in the more Western island ares they Have been re- 
cordcd up to 2000 feet above the sanie datum. On the rnain- 
land of Australia the extreme elevation of recent coral reefs is 
only a few feet. 

Considcrable submergence is indicatcd also for tbis more 
westem portion of the Pacific as recorded by borings for 
artesian water on the Hawaiian group and by coral reef boring 
at Punafuti by David and others. The sum total of these Pleisto- 
cene movemetits, however, indicatos a dectded stability for the 
tastcrn Pacific, and a great developtnent of sunken and raised 
blocks in tlie Western Pacific, the margins of tlie associated con¬ 
tineri ts in the west heing in a condition, relatively of stablc 
equilibrium. 

Turning to the marginal areas of the Pacific, it may I* 
notcd that the great deeps are to be fotmd in this region. Thev 
occur not as broad sunken areas, but rather as narim zone? 
wlios-e longer axes lie near, and suh-parallel, to the westem 
shoreline of America and the eastern lines of the island ares 
the Western Pacific. 

Professor Omori has shown that strong earthquakes folbw 
these deeps in the Pacific area. He has also shown that the 
maiu volcanic zone of the Pacific lies on the Continental side 
these deeps and earthquakc zones. The carthquake zones fo rru 
ares presenting their convcxity to tlie ocean, whereas the vol* 
canoes lie on the concave portions of these ocean deeps and 
earthquake zones, Other shorter and sub-parallel zones lie with- 
in the Pacific, such as the Hawaiian and Samoan examples. 

The Continental and island shelves come next for review. 
Each of the Continental margins fronting the Pacific and cad 1 
of the larger islands in the ivestern Pacific, has a submarine 
shetf whose orner margin varies from fiOG feet (or 400 <ee f 
nccording to T. Waytand Vaughan | helow the ocean sitrface 
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Beyond this depth the profilc steepens markedly to ocean depths. 
In the neighborhood of the great tleeps arui of the high plateaus 
thc Continental shelvcs are narrow, whereas in the neighhorliood 
of low plateaus the shdves are widcr. 

An interesting pcint also i? thc fact that all thc river 
mouths which discharge into the Pacific within the equatorial 
and temperate regions have been submerged iti recent times. 
The amount of snch submergcnce has not been ascertaincd. l ’or 
the eastern part of Australia it appears to be about 200 feet. 

The next point to be notccl is that all of the Continental 

ntargins, and all of the island ares sub-paralLel thereto, consist 

of plateaus variable in heiglit. On the American side the plateaus 
are loftv. The island ares themselves may have lofty plateaus, 
but they appear to have been broken and tilted. thus giving 
heights very variable for thesc plateaus. The plateaus again on 
the Continental margina of the Western side of the Pacific are not 
lofty except in rare instances. This indicatos a relative in¬ 
stabili ty for the westetn portion of America and for thc island 
ares, inclusi ve of Hawaii and Samoa. It indicates also a rela¬ 
tive stability for the Australian and Asiatic conti neu ts on the 
Pacific side, except at the area where the Himalavan and Ma- 
laysian zones of folding comtect with the Pacific zones of uplift. 

What is the age of tliese plateaus? Aftcr duc allowance 
iias been made for the variable nature of the roeks of which 

they are formed, it wnuld appear that the Continental margins 

are all in the sanie stage of streain dissection. Prom au exami¬ 
natiori of the important streams, snch as the Murray. the Colnni- 
bia. and the Colorado. it wnuld appear tbat the formatiun of 
the plateaus mttst be sevcral millions of vears ohl, The plateaus 
agam werc not uplifted at one stage, but were formed during 
severat revivals of Uplift during one gcohigieal period. Tliis 
gi rdlitlg of the Pacific with plateaus, ali in a similar state of 
dissection, is a stroug indicat ion of the uiiity of the Pacific 
itself in late Cainozoic and post-Cainozoic time. The main 
island plateaus are also well dissected by stream aetion, but 
maity of the smallcr idauds forni plateaus of later Pleistocene 
age. 

ft is interesting lo note also that late Cainozoic folding 
and tilting occur on Ihe Western margin of America, and on 
matiy of the island ares, whereas no movement sitcli as this 
appears to have been recorded for Australia and Asia, except 
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at thc jimeiinti of the Himalava» and Pacific lines oF structure 
in soiitheastcrit Asia, Tliis mdicates a greater stabilite of rafth 
structure in the eastem Pacific, and a tendency for tlie wcstcm 
Pacific to be mticb less slable. tlie zones of foMing and fracture 
rctreadng to tlie east from thc older laud masses and leaving 
the continent* in a state, relativetv, of stablc equihbrium, 

The next stage fnr Australia, at least. and prnhalily for t:i<* 
L*nited States also, vas a period in which the land vvas dis- 
sected to the stage of late maturity atid then raised, Theren pon 
the st reatus em deep valle vs and these valleys in tttrn vvere filled 
vvith st ream de|*jsits and co veret! with floorls of basali irem 
earth rifts. The period preceding tliis appears to ha ve yiehled 
a similar set of coilditions. !t is prohable that the Asiatic and 
South American margius vvill liave a similar srory recorded fnr 
tliein in thc fature. 

Corning now to ihe age of tlie chalk deposits of Kuglaiul 
and America, tlie Pacific Ocean appears tu ha ve spillvd gradualh 
over iis inargins. In tlie Southwest the sea entored the north 
of Australia and alnost eflfected direct conncction vvith tlie 
smithem ncean. The great sea over North America coiinectei! 
thc Gulf of Mcxico vvith the Arctic Ocean, leaving a long land 
strip to the wcst In South America a similar comi it ion r»f 
events occnrred. 

Proni the foregoing reniarks, it vvouhl sceni thus that a 
case has been establishcd at ieast for tlie gcological nnity, as 
far as tlie facts of forni around the Pacific Ocean margin are 
concerned and as far back in time as the Cretaccous. Revoiul 
this iieriod tlie case for Australia cotikl he carried. and it vvould 
be of great inicrest to liave the opinion of Dr. R, T. Chamberlin 
in the case of America. 

Re fore leaving the considerat ion of the nnity of the Pacific, 
as far as facts of form are concerned. it vvould he interesting t“ 
draw atteniion to sotne other iuteresting rictatis in tlicir di~ 
trlinit iuii, Thus, tlie eastern side of Australia is comes to tlie 
Pacific. Ada also presents ares of curves which are Convex t 
the Pacific. So also do the ishuid ares. Rach convex arc i' 
conneetetl vvitli a curve concave to tlie Pacific, Tht' is 'lv«rn 
wcll af tlie junctioii of the Asiatic and thc Pacific ltne> «f 
numntain growtli in later geological time, ll is also esperially 
well shovvn ou thc American side, The great Aleutian arc i' 
concave to thr ocean and fhis is succeedcd to the South hy tlie 
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convex curve from British Columbi a to Central America, 
Tlience T. Waylaml Yanghan has shown tliat the Anti Dean Unes 
are connocted with some great east and wcst zone of weakness 
in the Mexican Gulf and the Caribbean Sea, produc in g thus a 
cuncavity lu the Pacific vchicli is reflccLcd sUTiiewliiii rnildlv in 
the Central American curve concave to the Pacific, To the 
south this passes into the great convex form of Teni and Bo¬ 
li via with the concavity of Cliilc, and the great concave form 
passing eastwards by way of Cape Horn. 

A smaller structural unit within the Pacific inav he men- 
tionetl here, as it appears to be a type of the Western Pacific 
st ructu res. America telis a similar tale, according to l>r, T, C, 
Chamberlain, bnt the suboceanic mass appears the re to have 
been more resistant and the varions mountain-forming zones 
have kept more closely together, wh creas in the Western Pacific 
the sea has rolled into the i uter-montane zones. 

Thus in Australia and New Zealand with New Guinea. and 
the associat et l islands, tliere is a five-fold di vision of geographic 
fornis. In Western Australia a lrwv plateau 5 exists which rises 
from tooo fcet above sea level near Perth to 2000 and 2500 
fect toward the northeast. Tliis block is solid, lts surface is 
only roughened sliglitly. It is not traversed by structural gaps 
and it is hroken only on its uortliern and northeast e rn portions 
by lieavy faults. 

Central Australia oonsists in the main of a low-lying plaiu, 
a portion of which is slightly helovv sea-level, Large fault 
blocks occur within this area, sudi as ihc Mt. Lofty, Flinders. 
McDonnell, Barrier, and other rances, some running east and 
west. others north and south. A series of high platcaus fornis 
the castem side of Australia, but they are much highcr than 

those of west Australia and thev are much narrower and are 

* 

broken up with Iow gaps through uliicli railway tracks have 
been constructed. These gaps are radial. from the Southwest 
of Australia, towards the northeast. Beyond the eastern margin 
of Australia, deep sca occurs. while beyond this to the east and 
the north lic the ares of New Zealand. New Caledonia, the 
Solomons, New Gninea, and the assoeiated islands, flere the 
plateaus are hoth verv high and very narrow, hut in contra¬ 
dis! inction to tlmse of eastern Australia, tliey are separated by 

VJiitson, J, T.. Physin^rfiphy of \Wvni Aitsiralia. lVj>t. of 
RulI. 61, 1914, 
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ocean depilis which indicate tlie brcaking and sinking of por- 
tiuiis of once continnous land masses. These ocean paps are 
aUo radially disposed as froni soutliwestern Australia tu the 
nortlieast and east. 

What tlien is the signific&nce of these observationis ? 

Assume in the first place the structural unity of the suli- 
oceanic mass of the Pacific to the earth’s center as outltned by 
Dr. T. C. Chamberlain. This mass is heavier than the surrouml- 
irifr earttds sit r face and is thus sinking as opporttinity offers. 

T!te first items of importance to note in this connectio» ari : 

1 . The freedom froni pressure of the mass at the suri ace. 
except for the atmospheric weight, which is ncgligibtc in this 
e ut meet i on; 

2. The lack of eseape from pressure ot weight in thu-e 
portions of the sector lying beucath the erust or at a depth. say 
exceeding 50 to 100 miles from the surface; 

3. The exceedingly short bond or grain of the rocks forni- 
ing the crustal portions as compared with the di mens ion s of tlu* 
sub-oceauic sector; 

4. The depth at which rock masses would flow under 
their own weight if unsiipported at one or tuore sides; 

5. The depth at which they would flow if complctely stip- 
ported oti ali sides. 

Of these. the first is so important as natiirally to compel 
the attention of cngincers were they to study a snbject siteh a* 
this. Neverthdess, this lack of support at the surface of the 
carth appears to be the point gcnerally neglected by geologist' 
in discussions as to manifestations of force at the surface. Or. 
H. O. Wond lias infornied me verbaliv also of tlie ccuiuium 
neglect of this factor in discussion as to the strength of eartlis 
structu res. 

It is e vident also that if a materia! such as water, iron, or 
rock is complctely supported on all sides it will uot flow. Init 
will merelv tend to fili small natural cavities existing within 
itsclf, On the other haud. if an avemie of escape froni extremi 
pressure he presented to it. it will fiow in this di re ct ion. 

Jf a cubo of rock with an edge of fiftv miles lie placed upon 
the eartlfs surface, the lower portions would flow under the 
weight of its own mass. 

Now, in tlie rock mass underh ing the Pacific, there is theti 
a peculiar actiou in progress at a depth below the surface. 
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which we can cstimate at less thart 100 miles, there is a strong 
tendency for the rock masses to flow to the unsupported por¬ 
tions, that is, to the surface and to the margins whcrc the nia- 
terial is lighter and weaker. If the crust be composed of tough 
material well bonded, there would tetul to be no superficial mant- 
festation arising from the resistance set up at the zone of pos- 
sible flowagc, but as the cnist is composed of short-grained and 
friable rock masses* tbere will be a strong tendency for the 
material below to expand and flow toward tbe surface of the 
weaker portions of the coast. This inanifcstation would be in 
the nature of exceedingly slow flow age, or creep, towards the 
zones of weakness with sudden explosive release of strain when 
suffieiently close to the surface, or to a broad zone of weakness. 
Tbis zone w r ould lie at different depths from the surface. Ile- 
low it the tendency would be less to escape from the surrotmd- 
ing pressure arising from superincumbent wcight bccause of 
the great weight itself and the readjustment of forces below 
the brittle superficial rocks, Thus would arise the gradual creep 
of the Continental margin towards the ocean in curves couvex 
outw r ards with a lagging bebind of stronger areas to form con¬ 
cave links of connection* Thus also would a rise explosi ve 
relief of strain and creep long comti nued through zones such as 
that of the island ares near Australia and Asia and through 
zones such as those along wliich the Hawaiian and Santoan 
islamls are arranged. 

There appears thus to be no necessity to differentiate the 
cnist from the gencral sit hoc can ic sector of the Pacific. It is 
simply that there is a tendcncy for the earth sector under the 
Pacific to flow on itself at a depth dependent on the strength 
of the superincumbent st ruet ures and in its e vident aim to 
cscape from its own pressure as weight to burst those structures 
at the surface where they are weakest. This suggests that 
isostatic compensat ion is not secti red at a uniform depth, but 
rather that it is sccured in a region which has an average depth 
perchance not exceeding 50 to 103 miles from the surface. and 
that the lightcr masses are buoyed up over this region rnuch as 
icebergs are buoyed up in water but that their bases lie at 
variable depths below the surface. Thus stitdy suggests also 
that the margins and the westem portions of the Pacific are 
relati ve!y weak* but that the caste m half is relati vel v strong. 
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THE UEARING OF GEODETIC IN*VESTIGATIOXS OX 
THE GEOUOGIC STRUCTURE OF THE PACIFIC 

B Y WlLU A M Bow I K 

The geodetic work carri ed on by various go ve minent organ- 
izations has resulted in accurate geophysical data which promise 
tn hc of great value irt the Science of geology. Tliese geodetic 
data resuit from field observations for the determination of the 
intensity of gravity anci the deflections of the verticals. 

The value of the intensity of gravity varies according to 
the iatitude and to the elevation of the station above sca level. 
Tite gravity observatioti also varies from place to place accord¬ 
ing to the configuration of the ground, and deviations from 
tiormal densi des of the eartIFs materials down to a limited dis- 
tancc below sea leveh If corrections are appliecl which take 
itito Consi de ration the elevation of the station. the configuratioti 
of the gronrnl, and the deviation froni normal density, the ob- 
served valnes of gravity will agree very closely with the thcorei- 
ical valnes. 

A similar condition obtaius for the deflections of the ver¬ 
ti cal When triangulation, which give* accurate distances be- 
tween widely separated points, is connected with astronomical 
statioiis. we have a means of determining the inclination of the 
plinnb tine from the normal direction that the plmnb line would 
assume on a nialhcmatical surface. We have a very remarkable 
case of the deflection of the plunib line on the island of Porto 
E ico. There is an astronomical station on the sotilh coast. and 
anolher on the north coast, which have been connected by tri an¬ 
gulati on* The geograpluc position of the north station as com- 
putcd through the triaiigulation from the south station differs 
from the astronomic position of the former station by 56 " of 
are. The distance bctween these two stations in a north anH 
soutli direction is approximately thirty miles. Therefore. the 
distancc as computed from the astronomic data, differs by one 
part in thirty from the true distance. 

The reason for this great discrepancy is the attraction of 
the mounlain mass 011 the phimb line and the repelling effect 
on the soutli station of the deficiency of mass in the Caribbean 
llasin and the deficiency of mass in the Atlantic Ocean on the 
north station. No test has heen made to show the effect of 
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thcse positive and negative attractions but judging from the 
geodetic i n vestigat ion s in other lancis, notably the United States 
of America, Canada, and India, it is reasonably certain that if 
corrections were made to observed astronomic positions at the 
stations in Porto Rico. the plumb !ine would be brought nearer 
to a normal position with rcgard to the mcan figure of the 
enrth, But there woultl stili be ciscrepancies and these could 
be accomitcd for by assum in g a defieiency from nonnal density 
in the material under the island of Porto Rico and an excess 
over normal density in the material under the Caribbeau Sea and 
the ocean. 

The geodetic investigations have shown that a condition 
of approximate equilibriuin exists at a moderate tlepth below 
sea level. This condition of equilibrinm has been given the name 
isostasy. It is not known how it is distributed under land 
masses and under water, but to ir.ake the computations practi- 
cable, a working hypothesis has been adopted so that the defi- 
ciencies and exccsses of density are distributed uniformly 
tbroughout the column under any land feature. down to a depth 
of about sixtv miles* 

The resnits of the investigations indicate that no niatter 
how the distribution of density is made, the effective depth of 
the compensating dehciencies and exccsses of density is from 
thirty to fifty miles, When corrections liave been made of the 
deflections of the vertical and the observed values of the inten- 
sity of gravity, to aceount for the cffect of land masses, defi- 
ciencies of mass in the oceans, the dcfiriencies of density under 
land and the excess of density under the oceans, the observed 
values agree very closely with the theoretical values, The out- 
standing differences are never inore than may be accounted for 
in local areas by an amount of material equivalerit to about 
2000 fect. Even this amount will probably be somewhat reduced 
because of extra light or extra heavy material near the various 
stations but below sea level. This matter has been ireated in 
papers prepared by the autlior and by the former director of the 
Trigonomctric Sitrvey of India, Coionel Rurrard, 

It has been found that there is no relation betwcen the 
anomalies of gravity and the deflection of vertical and the 
character of the topography. Therefore. we may assutne that 
mountain masses, plateaus, and Coastal plains are in the same 
state of isostatic equiltbrium. 
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It is gcnerally reeognizcil that isostatic conditioni olitain i" 
such an extent that it is reasonably certam that great 
such as continent? and mountain systems are in isostatic et|ui- 
librium. and the logica! conclusion seems to be that such moun* 
tain masses cannot be the resuit of general tangent ial mave- 
ments, for if we had mountain masses resulting frorn tangentia' 
movements, they wotild be an excess on the earths crust. The 
oniy couclusion that seems to be logical is that mountain ma^f' 
are the resuit of some movement in the column below ihem 
which has forced them up. Such movement must be the resttit 
of changes in density in the column under the motimain ma*- 
for the region must have been in isostatic equilibrium before the 
formation of the mountain, The difference in the length of <he 
column hefore the movement began and after it ended. is ^ 
nmch and often more, and it is evident that the only way to 
have a column lengthened without increasing its tuas? is to 
have a change in the density. 

In a receut paper by Colonei Burrard. dealing witli isostasy 
MVofossional Paper No, 17 of the Trigonometric Sun-ey of 
India), he came to the conclusion that the Ganges Plain is proh 
ahJv in au isostatic condition, He raises the question as to bow 
such condition can exist when approximately 30,000 feet of sedi* 
nicntary matcrial has takcn the place of an equal voturne ^ 
material which was approximately 10 per ceiit greatcr thati the 
density of the deposited matter. There sectus to be only onc 
answer, and that is that the column under the Gange? Ph’ 11 
ha? undergone a change which makes the density of tlte matcrial 
greater than it vias hefore sedimen tat ion began, It would stt® 
tliat there must have bcen actual sinking of the region as a 
resuit of incrcase in density in the column to supplement the 
depression of the area resulting frorn the depositton of materia 
and the isostatic flow frorn this area of sedinientation, 

When an area is sinking under sedimetitation and a possit 
iucrease in the density of underlying tnaterial. it is reasonaH' 
certain that the column under this area is at least normat in ' l ' 
mass of materia!- It is illogical to assume that it is lightcr il’ aTl 
nornial, for otherwise there could not he equilibriuni. ^ ^ 
sedimeiitation ceases and the column is in approximate isosttljf 
equilihrium (and we may assume that it is, because the geodtf ,c 
investigat ierns show that exisling areas of sedimentation a rc 111 
tlns condition i tliett there must be a decrease in density i" 
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coluum under the sediments when a mouutain niass is formecl 
over the column. 

There are many geotogic data to show that tangential forces 
have acted bnt it is believed that vertical movements forming 
mouutain masses would resuit in horizontal forces near the 
eartlis surfacc which could cause overfolding and overthrust; 
btxt this is a subject that need not be discussed at length in this 
paper. It is hoped that geologists will consider this matter of 
vertical movemeots and harmonize the geologic and geodctk 
evidence. 

There are many geodetic data in existence today in the form 
of gravitv observations and deflections of the vertical whicli 
could be reduced according to wetl-knowu methods and thus 
throw much light on the isostatic condition of the earth in new 
regions, It is especially desirabie that this be done in Japan 
where excellent fieldwork has heen done. in the Philippine Is- 
lands, and on souie of the islands of the Hawaiian group. At an 
early date it is hoped that the Coast and Geodetic Sttrvev cati 
rednce the work in Porto Rico to shmv the isostatic situaticm 
under that island. 

Tn addition to the studies which should be made of existing 
data, new fieldwork should be undertaken in those countries 
where sucli work has not been accomplished. This is especially 
desi rabie on groups of island s and isolated islands in order to 
throw light on the isostatic condition $ in ocean areas such as 
the Pacific. 

It is hoped that a satisfactory apparatus may be devi sed for 
dctermining the intensity of gravity at sea, using speci a 1 vessels 
or commercial vessels. There are several types of apparatus in 
existence, hut 110 one of them givcs results of sufficient accuracy 
for the study of isostasy. The vriter suggests that it may be 
possible to obtain a fair vah te of the intensity of gravity at sea 
bv the nse of the land apparatus properlv mounted on a vessel. 
The apparatus would liave to be swung in dotible gtmbals and 
should be placed near tlve poitit of minimum translation resulting 
from tbe pitching and rolling of the vessel. 

It is believed that in tbe study of geological structure of 
the Pacific, isostasy niust be carefully considered and the gco- 
dctic evidence available iit any particula r region must be iise<l. 


Digitizeti by 


Google 


Qrigmal fr&m 

HARVARD UNtVERSfTY 



SOME FINDAMENTAL PROBLEMS OF DIASTRO- 
PHISM AND THEIR GEOLOGICAL COROLL ARIES 
WITII SPECI A L EEFEREXCE TO POLAR 
WAXDERIXGS 

Ijy Leo A. Cottox 

[Tliis papor of 103 itiamsscript pages U an exhaustive di” 
cussion of contenqiorary vicies of the evidence from mathematica, 
astronomy, geodesy, seismology. volcanism, and met amorphi -m 
as litari ng 011 the constitution and plvysieal projverties of the 
carilEs interior. CFeoIngical comllaries are discussed nuder the 
headings: periodic dias: tophi sm, climatic changes, migratio».' 
of fatina and flora, pussible predominance of shalloiv water strdi- 
nicntatiou, permancnce of continents and ocean basins. and 
lincar distributi) >11 of orogcnic and volcanic pfocesses. It will 
probablv bc pnbltshed in fitll elsewliere. The natare of the 
subjoct and the limitat ions of space permit the publicatio» in 
the Proccedings of oniv the following Suituuary and Conciti'ion 
-—C ‘ttinuiittcc 011 Publictition.) 

SfMMARY ,\XH COXCt,U5IOX 

The subjcct of polar wandermg has, exeept perhaps in 
Gernuiny. ahnost ceased t r > rcccive the serious consideratio» 
gcolugists. Tltis is dtie to the stipjiosetj irreconcilable opp»>si' 
tu sn of tlsc matliematicians, particularly G. H. Danviti, ulvose 
conelnsious ha ve been widely tjuoted in opposition to anv theory 
invulving a large displaccment of the eartlis axis of rotation 
A ctoscr examinat ion of Parwin‘s paper, however, showi tbat 
the limi is vvhieh Danvin set upon polar wamlerings were hascil 
oti the assuTuption t liat otily the surface rock masses vere 
invidvcd in the dispkiccmcnts; and tbat the earth as a whole 
bellaved a> a perfecti)' rigtd body. On the other band Daruin 
coiidnded tluit quite extensive polar wanderings may liave taken 
place if the earth were capalde of yiclding like a viscous soli+l 
for stresses of secular duration. The whole question is, tliere- 
fore, one which depends 011 the primary assuinptions as to the 
nature and constitui ion of the eartlds interior. For this rcason 
a speetal inquire was undertaken in order to aseertain and stit»- 
tnari?.e the evidcncc bearing on tliis important questio». The 
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resdt *>f tbis inquiry showed that mathcmatical tlieory, geodetic 
evidence, the testimotiy of seismology, anci geological observa* 
tions ali converge towards the conckision that the earth as a 
whcle behaves like a highly viscous solid and is capable of closcly 
approximating to the form appropriate to hydrostatic equilib- 
rium for forces of secular durat ion. Thia view is not, howcver* 
opposed to the conception of the earth as a highly rigid body 
for stresses of short periods sudi as those involved in the propa- 
gation of seismic waves and of tidal deformatioiis. Wheti these 
postulate* are substitutae! in Darwuds analysis, instead of the 
postulate of a perfectly rigid earth, the mathematica! investiga- 
tion actually stipports the view that polar wanderings are not 
only possible btit probahle, The acceptance of the theory of 
polar waiiderirrgs as a workrng liyputlicsis leads Lo a niimber uf 
geological corollartes which are of great intcrest and importancc. 

The capacity of the earth to resist stresses np to a certain 
limit before deformation takcs place is strictly in harmony with 
the Iiistorv of diastrophism as read from the geological record; 
and provides a possible physical basis for that rliythm and 
periodicity which Uarrcll has so ably distinguished from his 
study of the stratigraphical record. 

Climatic cbanges, too, would naturally attend any consid- 
erable displacement of the poles* and sttch changes might find. 
in part at least, their explanatiori in this hypothesis, The 
glaciat and desert climates of the geological past, by virtne of 
their abundant records* should pro ve an interesting field of in- 
vestigation from this i*>int of view. 

Again, it has tong hcen pointed ont by gcologists and 
hiotogists that tlie hypothesis of a wandering pole would pro¬ 
vide a convenient explanat ion of many difficult problems in 
distributiori, mjgration and extinction of faunas and floras. 

The great prevalence of shallow water sedimentation in 
the stratigraphical record may atso find a partiat explanatiori 
in the huge fourteeii nionthlv tides which would be set up under 
certain ty|x?s of polar displacement. 

The hypothesis of polar wandering is not incompatible with 
the doctrine of the pennanence of the continent* and ocenn 
basins. but rallier supports that view. 

Finally the 1 i near disjmsition of folded lnountains and vol- 
canic belts may also find a simple explanatiori on the basis of 
diis tlieory of polar wtindcrings, WV are therefore no longer 
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jitslificcl in setting this hypothesis h> ime side 011 mathematicat 
grounds: aml in vievv of iis possible applicatioris to many geo- 
]i>R , ical problenis, it wonld seem desirable to keep it in mind in 
any in vestigat ion iuto which such a tlieory inav enter. 

1F the tlieory of polar wandcrings be merely accepted as a 
working hvpothesis no liarni can be done. On the contrary. it 
mav stimulate in vestigat ion into niatiy fields of research so that. 
even if the practical applicat i ons of the theory be ultiinately 
sliown to be quanti tat i vely suiall, such in vestigat ion s inav bear 
fruit in other ways. With this reservatioti and liope this paper 
is offeml to those wlio inav be interested in this province of 
research, 


THE **V ARVE" SII ALES OF AUSTRALIA 

IIv S ] r T. Eihieworni Da vm. Professor of Geology and Pliysi- 
cal Geography, Uni versi tv of Sydney 

This paper, read at the Conferencc by Leo A. Cottoti, has 
bcen transmittet! for pttblication to the American Journal ot 
Science. It describes Varve shales of middle Carboni ferous age 
and of late Prolerozoic or Lower Cambrian age from New 
South \ Vales, 
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GLACIAT IO X OF TlfE MOILXTAIXS OF JAPAN’ 

Dv X* Yamasaki 

Abstract: (The complete paper has been submitted for 

publication to the American Journal of Science.) 

Glaciat ion has been recorded for fcw places in eastcrn Asia. 
I-oesy noted ancient moraincs in thc Pwvincc of Szechuan H 
Cliina, Init practically nothing is known of the glacia! history of 
the Amur regioti. Siberia. and Kamchatka. 

For Japan Milne demonstrata! thc possibility of Pleistocene 
glaciation ou mcteorological and biological groutids and un- 
douhted field evidcnce lias recenti/ been obtained by Dr, Yama. 
saki who described well developed cirques at valley heads in the 
Central range of the “Japanese Alps.” Other cirques were 
found on the ridgcs of Yakushidake and Tateyama. Dr. Yanm* 
saki concludes his paper as follov/s: 

“The lofty mountains in Middle Japan in 36° North lati- 
tude were once covered by permanent snow and bore glaciers. 
Its existence is ciearly proved only by the characteristic cirque 
topography with the cor ro1>o rati ng evidence of moraines and 
striae. The floor of many cirques are nearly at a uni forni 
elcvation, 2550 meters t which marks the former snow line. The 
glaciers were hanging glaciers and not of great extent and were 
located near the stnnmits of the Tanges. No glacial or glacio* 
fluviatile deposits have been discovered as yet that wonld allow 
of exact determinat ion of thc date of the glaciation. In short, 
the glaciated area of Japan is limited to a small district of high 
elevat ion, iti great contrast to the vast extent of the glaciated 
areas of America and Europe. The lack of traces of glaciation 
in eastern Asia, eveti in high latitudcs, witl also deserve further 
research. How and when did the ice age occur in cnir cotmtry ? 
How is it related to that of other regions ? Hspecially necessary 
are actual observati ons and comparative study of the data. To 
such research, I ani sure, this Confcrence will give the best 
opportuni ties, and I bcg yon, genllemen, to kindlv lielp me with 
yonr valiiable suggestions rm to the present snbject," 
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TUE GEO LOGIC AL STRUCTI’RE OF THE 
PHILIPPINES 

By WarrEn D. Smitii 

The Philippi ne archipelago consists of a group of about 
3000 islands extending from 5* 30' to 21 c 30' north latitude 
and from 117 0 to aljout \ 2 y° east longi tude. 

Practically ali of the prmcipal geological formations are 
found in the islands. (See “Rrief statement on Post-Cretaceo 
Formati ons in the Philippi nes” prmted in the se Proceedings). On 
a basemeut complex of igneous rock lie some small outcrops oi 
Mcsozolc rocks; and many thousand feet of Tcrtiary sedimenta 
succeeded in turn by andesitic lavas; great accumulatione of 
inore recent tuffs and considerabis areas of foramini feral and 
coral limestones* Contrary to the formerly accepted idea, the 
Philippine islands are not dominantiy volcanic. Active vulcan- 
ism in recent years has beert manifested at three rather widely 
separated points: at Taal (40 kilometers south of Mani hi. 
Rulasan in the extreme southeastern pari of Luzon. and on 
Camiguin lsland off the northeni coast of Mindanao. 

Structurally we may con si der the Philippine archipelago 
the crumpled erige of the Asiatic Continental shelfi A study of 
the hydrographic chart of this region revcals a great "foredeep 
close to the eastern margin of the group in wtiich the deepes* 
known part of the Pacific is located 85 kilometers nortlieast of 
the island of Mindanao. 

To the west of the archipelago is the rnnch lesser deep of 
the Chi na Sea. presumably a sunken area or “graben,” Tliis 
Cliina Sea “graheiT' is undoubtedly analogons to tlie submerget! 
area betwcen New Zcaland and Australia, and the Asiatic main- 
land may bear the sarae relation to the Philippi 11 es as Australia 
docs to New Zealand, 

The land areas of the Philippines are merely the lugher i»or- 
tions of a partlv submerget! mountain mass, in part the crests of 
anticlinoria. in part the upthrust blocks or '*horsts” caused by 
faulting Sonic of the straits, consetjuently, are the downfolded 
areas or synelincs. while others arc ’*grabcns,” The structure 01* 
the archipelago is by 110 means simple and besides the fnldtng 
aml faulting mentioned there arc volcanic intrusives and extru- 
sives which further complicate matters. 
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As for the geological dates when the major deformatlons 
occurretI we can state with a fair degree of ccrtainty that tliere 
ivas a period of intense de format ion prior to the Tertiary when 
some of the schists were formed, although somc schists appear 
verv clearly to liave been made as a resuit of strong movetnent? 
in Tertiary times. At the close of the Miocenc, as a part of tlie 
world-wtde “Miocene rcvolution,” the Vigo and Batan gremps 
fmiddle Miocenel were generallv folded. Iu some place* 
intensely crnmpled and faulted. Agam, at the close of the 
Pliocene. or eariy in the Pleistoceue. as evidenced by the 
Malumbang, ihere was another period of folding. tbougH not & 
pronoiuiced. 

On figure i are sliown the principal ares following Decker, 
and the relation of these structura! lines to the seisrnic regions 
nf the archipelago as worked oitt by Maso and the writer. 
These ares fall into two series» an inner oiie, nortlieast and 
Southwest, and an otiter one, northwcst and soulheast. 

The principal north ea st-southwcst ares and tectonic lines in 
llic ardi i pelago are as folio ws. begininng with the innemiost. 
to the vvest: 

1. The Falawan arc, wliich is continued into nortlieast 
Borhecj: 

2. The Cagayan arc, in the Suht sea; 

3. The Jolo arc. which is continued througli the Zambo 
anga Peninsula and also passes througli Cebu Island. 

Taking up next the north west-southeast lines, including 
severa I tliat are nearly north and south, we have, begintiing at 
the west: 

1. The Zauibales line, througli the extreme soutliwesteri 
part of Luzon ; 

2. Tite Cordi Hera Central, rttnning nearly north and south 
as the backbone of Luzon. 

To the cast of this, with a synclinal between, lies the Sierra 
Mac)re line along the east coast of Luzon. The Cordillera Cen¬ 
tral and the Sierra Madre line coalesce in the pro vince of Nueva 
Lcija, in what is known as the "Central Kuot.” From there a 
single line passes to the southeast through the Tayabas Penin¬ 
sula, Mashate Island, by wav of the eastern premg of Ihat island 
thence througli Leyte Island and down the eastern margin of 
Mindanao. Wel! to tlie eastward of this line, in the extreme 
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eastern part of Luzon, is another line which rnns more ttearly 
east and west This line we may call the Caniarines line. 

The three important points where these lines intersect are 
as follows: 

1. Jn Southern Luzon, near Taal volcatio. 

2. The northern part of Masbate, where there is locat et! 
an important gold field. 

3* Northwestern Leyte, where Petroleum r esidues from 
ancient seeps have long been known. 

4. A fourth possible junction is in the northern part of 
Mindanao, near Camiguin Volcano. 

Whether or not there is anv direct connection bctween these 
facts is not certairdy kno-wti; nevertheless, sueti connection is 
strongly suggestive. 

Although the principal tectonic lines in the archipelago are 
in general north and soutli, the inner line of ares makcs a pro- 
nounced curve in the dircction of Borneo, showing a tendencv 
to fall in line with the principal tectonic lines of the rest of 
Malaya which have in great part an east and west dircction. 
It may bc questioned as to how niuch emphasis we are to put 
on the word "arc. T ’ These may be a series of broken straiglit 
lines and not strietly accurate, It is seen, therefore, that the 
Philippines are part of a region, inchtding also Java, Borneo, 
and Sumatra, which, with reference to Asia and Australia 
occnpies a position analogous to that of Central America and 
the test of the Amerieas and tiiercfore is a region of strategic 
importance in the study of the geology of the Pacific. Pre- 
vious to the Miocene there was undoubtedly sea connection 
with Europe by way of a greatlv extended Tethvs which reachcd 
from the Pacific to the Atlantic. 

Becker t Koto, and others have pointed ont the relation of the 
Philippine ares to those of Asia as delineated by Richthofen. 

As lias been pointed out by Suess, and similar to wliat 
Omori has tolc! its of Japan. and Andrews of Australia, the 
outer arc is one of closely foldcd rocks, and within this outer arc 
is a line of volcanocs such as Taal, Canlaoti and Camiguin, 
However, near the outer arc arc two important cones, Butasan 
and Mayon, that are active at intervals. The innermost arc 
consists of folded rocks also, but with no sigli of volcanism, at 
least at the presettt time. As in the Australian region, the outer 
arc is the oi! arc. 
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Qn the Western side of the archipelago there is much evi- 
deiice of recent uplift, especially indica ted by r ai sed beaches and 
reefs, while on parts of the eastern ooast, especially in the Para- 
cale region, drowned river valleys are found. In the eastern 
lialf of the group, too, though not on the eastern coast r there 
are two great rivers, the Cagayan in northeastern Luzxm and 
the Agusan in northeastern Mindanao, up which the tide runs 
for long distances. It seems to the writer that in spite of some 
local exceptions to this state of things, there has been a tilting 
of the Philipptne hlock tovvard the Pacific, perhaps a down drag 
as a resuit of the subsidence of the oceanic block into the Mirt- 
< 1 aiiao deep. Certainly this has not been a uniform tilting as the 
facts would indicate a warping. 

The archipelago, as a whole, has been subjected to a great 
uplift during the Pleistocene and Recent periods amounting to 
some i,800 meters (6,ooo feet). This is evidenced by the fact 
that fossil plants, very closely related to the flora of the lowlands 
near Manila, have been discovered in the extreme higblands of 
Luson. 

Rcsidual plateaus in parts of the islands, notablv around 
Eaguio in northem Luzon, and evcn sky lines in the uplands of 
Cebu, of what niight be taken as evidence of peneplanation, but 
tbese areas may have had totally different origins and may per¬ 
haps be explained in an entirely different way. 

Of two things we may be certain; namely, the structure of 
the Philippi nes is very complicated, and we lack sufficient de- 
tailed sttrveys to enable ns to pronounce finally on many of these 
points* 
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tFrom the slenogriiphic record of the General SeSslon. August 19» 1920) 
EEMARKS BY MH. HIC II ARTIS 

We have discussed the nature and urgency of the problems 
which form a proper basis for the investigat ion of the Pacific. 
It is des i rabie, however, that there should bc some definite plan, 
properly organized on a permanent basis to insure the proper 
handling of these very important probkms, Associated with 
this plan should be ali the scientific institutions, museums, uni- 
versities, and the governments of the several Pacific countries, 
We liave representatives from Canada, the United States main- 
land, the Philippines, Hawaii, Australia, New Zealand, Japan, 
and China. It seems desirable that the delegates from these 
countries present at this Conference should leavc with Pro¬ 
fessor Gregory a list of those organizations which, as far as 
their particular countries are concerned, should be associated 
with this scheme. We have 110 representatives from the British, 
Fretich and Dutch possessions within the Pacific, althcugh in- 
vitations were sent to them. Their cooperation should in some 
way be secured. 

In order to get ahead as rapidly as possible we should 
constder the constitutiori, which a permanent organization such 
as I have briefly outlined, should have, and, it seems to me that 
the constitutiou of this Conference might serve as an excellent 
base upon which to build a permanent otie. It wotild be neces- 
sary, however, to select representatives of these governments 
and institutions so that there would be some definite channel of 
communicat ion. 

It might be advisable to decide upon the next meeting- 
place of this Conference and the period of time which should 
elapse between this meeting and the succeeding one. V r arious 
places have been siiggested: Tokyo, San Franci sco, Suva, Nou- 
mea, Sydncy, Wcllington, and Manlia. It is not only the dnty 
of all the governments and scientific institutions of the Pacific 
to deal with these probi em s of the Pacific, but it is also their 
privilogc, and it is the dnty of those of us who are present 
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here to point out tr> our respective countries that it is their 
privilege to contribute funds toward the carrying out of thcse 
particular investigations. Some governmentai boclies and priv¬ 
ate institutione are in a better position tlian others to contribute 
funds, but a common pooling of the funds shoitkl bc made. 
Futuis are necessary for the sustenance, travel, and necessary 
cquipment of the various research workers selected to tackle 
these problema. I take it that these research workers will be 
selected by some permanent council appointed by this organiza- 
tiou, and definite funds set aside for the particular investiga- 
tions. Wlten the work is completed, funds shouUl be avail- 
ablc for publication and distribution of the resttlts of the in vesti¬ 
gat ion s. Funds are necessary, also, for carrying out tbc future 
mectings of the permanent body, such as we hope to see set up. 

Tliere are several institutions in Australia which those of 
us wlto come from there can get in touclt with, There are the 
Commonwealth Government, and the several state govemments 
—the statos on the eastern side of Australia are particularly 
concerned, There are the universities in each of tliese state;-: 
tlie various Royal societ ies, onc in each state, and another 
strong organization, the Linnean Society. in New South \\ ak>, 
We have an embryo institution of Science and industrv. which 
will tic admiuistered by the Commonwealth. There are also the 
several muscunis. Thus there are quite a tiumher of bodie- 
within the Common wealth of Australia vvhose tlutv and privi lege 
it is to join in these investigations, 

We slioutd theti have a definite organization. properly con- 
stituted and set up on a permanent basis: an organization which 
sbnuUt bc thoroughlv representative of the govemments arouml 
the Pacific and witbin the Pacific, To get the full cooperatioti. 
lite proper good will, and hearty support of ali these. it will be 
necessary to approach the administrative heads of the various 
ixissessimis in a proper fashion, As a means to tbis end, the 
delegat es shotild place before tbeir respective govemments ainl 
institutions the purpose and scope of this Conference. With 
representatives in the different places, we have machinery to 
earrv on, to fix ttpon the necessary center, and the time tliai 
the nexi conference can meet, I feel that we have doue a 
great deal, and have made a definite step toward making a 
sotind organization. 
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REMARKS BY ME. EVERMANN 

I can speak officially orrly for the California Academy of 
Sciences. Various otlner scientific bodies and organjzations in 
California are more or less interested in this qnestion of the 
Pacific. California has a peculiarly favorable sit nati on as re- 
gards the Pacific Occan problems. Peopte from eastern United 
States pass through California, and most of them go through 
San Francisco when going to or from the Pacific. Those of 
you who are in the Pacific, west or Southwest, when you come to 
America come Ihrough Honolulti to San Francisco, and that 
makes California a pecuHarly interesting place in relation to 
thpse questions of the Pacific, Now, as to just what the means, 
methods and ways of cooperation among the various institutions 
may be, it seems to me that this will be a matter of gradual 
development, There are in California, besides the California 
Academy of Sciences, some four or five other scientific organi- 
jations that are interested in these matters, There are Stan- 
ford University with Ets seaside laboratory, the University of 
California, the California Fish and Game Commission, and the 
Scripps Jnstitution for Biologica 1 Research, ali of which are 
deeply interested and most of them actively engaged in work 
connected with the exploration of the Pacific. 

Speaking for the California Academy of Sciences, I can 
assure you that the Eoard of Trnstees, the Council, and the 
Museum staflf are willing, anxious and ready to lend any assist- 
ance that they can in furthering the alms of this Conference. 
Some ways in which it seems possible to be of Service are as 
follows: 

Scientists passing through San Francisco may find the 
Academy of Service as a sort of way-station to which thcy may 
have their mail addressed, their express packages sent for 
holding until they arrive or until they are ready to depart for 
the work on which they are engaged. We shall be glatf to 
allow the Museum to be used as a resting place for every person 
who comes. The libraries and collections of the various depart- 
tnents may prove of particular value, especially those of botany, 
herpctology, conchology, and ornithology. In the department of 
botany is to bc found a fine collection of exotic species that 
have been introduced itito California, many of these being found 
in Golden Gate Park. In the department of conchology the 
major portion of the Hemphill collection of shells is to be found. 
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The cntire collectiori of the Department of herpetology wa> 
destroyed in 1906, bnt it lias since been hui It up so that it is 
now tlie third largest in America, surpassed only by collectioris 
in the museum at Cambridge and in the National Museum at 
Washington. The libraries of the Califomia Academy of 
Sciences, of the University of Califomia and of Stanford Uni- 
versitv would be at the disposal of anyone who wished to con¬ 
suit them, and the aggregate of those three libraries is quite 
consi derable. 

There is, perhaps, no place in America where the fishes of 
the Pacific cotdd better be studied than at Stanford University, 
It contains the largest collectiori of fishes ontsidc of the National 
Museum, Those who wish to examine specimens of fishes of the 
Pacific will be wclcome, and tlie ichthyological library of that 
ifistittition is jierhaps the best in America. 

The Califomia Fish and Game Commission is another insti- 
tuiion ready to cooperate in solving Pacific problems. It is 
engaged in studying economic problems in regard to fisheries and 
has a vessel, the Albtrcore. which is adequate for trips along the 
Pacific and out too miles. The present attitude of the Fish and 
Game Commission is verv cordial toward scientific work, That 
liody would be of very great assistance to anvone interested in 
studying probletns along the Califomia coast. Then there are 
the stations at Pacific Grove and the laboratory at La Jolta. for 
which Dr, McEweii can sjwak more particularly. 

The Califomia Academy of Sciences hopes to ha ve the 
Sleinliart Aquarium in operation within the next eightceti 
months. We expeet to put about $270,000 into the building and 
it> erjutpmcnt: and there is a fair prospect that we shall Ijc able 
to secure a like sum for the equipment and maintenance of a 
biologica) laboratory in conneclion with the aquarium. The 
aquarium will be located in Goldcn Gate Park adjoining the 
Museum, It will bc botli a salt-water and a fresb-water aquar¬ 
ium, and will bu equipped to maintain fishes reqniring anv tem¬ 
perature. We liope to make a spccial featurc of Hawaiian and 
otber tropica! fishes and itivcrtebrates. We hope that tlie 
aquarium may he fotind tiseful to biologists who wish to carry 
an studies of living fornis of aquatic life, wliether of fresh or 
salt water. 

Summing up, tlicn, 1 wish to say that the resources and the 
facilities of the Califomia Academy of Sciences are at the dis- 


Digitized by LrCkQle 


Qriginal frem 

HARVARD UNIVERSITY 



Mkans and Mktiiods Ol' Cool'1-RATION 899 


posal of the meiubers of tlic Confcrcnce a tui of indi vidua Is work- 
ing with them. 

RF.Rf.VHKS nv MI. THOMSON 

Iit a very interesting paper recently issued by the National 
Research Conncil of America, Mr, Elihti Root pointed out that 
Science had taught the world bow to organize but had not yet 
organjzed itself. Can Science organize? Can you assign defi¬ 
nite tasks to scientific men and get the best results from them? 
The amwer must be no, The greatest advances in Science have 
been made by tnen of genius, If we had men likc Faraday or 
Darwin in the Pacific they would not bc gnided by the pro- 
gram of tliis Cungress. They wonld pick out facts here and 
there and start sonie illuminating hypothesis that would render 
a fresh program necessary. I do not meati to say by tliis that 
program work is not possible, Wc have only to look at the 
work donc by geological survcys working according to pro- 
grams to sce that it is possible to get somewhcre. We are not 
all men of genius, but 1 simply wish to sound tbe warning that 
we must give a free band to men wiio wish to work not ac¬ 
cording to program. 

I wish to calt attentiori to three types of cooperatiou: 
{1) governmcnt and organized bureatts; (2) institutions; and 

individuals. It is pcrliaps fitting that 1 should say some- 
thing about the work of go ve minent s as I am a representative 
of the Government of Xew Zealatid, and I think the only direct 
representative of a gpvernment here. There is a great dif- 
ferencc between colonial governments and tliose of the United 
States and Japan. We find that in Science, at least. a prophet 
has no honor in his own country. We put progranis before 
otir go veni men ts, but rarely are they carried into cflfcct. I do 
not know whether vour governments are the samc as ours, but 
we find it sometimes very hard, although we can make out a 
very good case, to get the Government to act, and for that 
rcason we always wclcome any cxtemal pressure. For iustance 
if any suggestion comes from officia! circles in London it is 
acted upon at once. vvhereas we may have been advocating the 
same thing for ycars without the least response. But I gather 
that this Conference does not wish to dictate to governments 
vvhat they should do in carrying out the scientific exploration of 
the Pacific, In Xew Zcaland you can get around that difficulty 
in one way, via: if you do not likc to pass any resohttions 
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telling governmcnts wliat to do, at any rate you can make 
olear to the New Zealand Institute what it ought to do or wliat 
it ought to get the Government to do, 

Xow I think it is a fair thmg to expect that the varicus 
guvemments in the Pacific should do a great deal to carry aut 
the program we have laid down for the charting and geological 
sutveying. It is fair to expeet the New Zealand Government 
to take care of this work in Samoa and the Cook Islands, Aus¬ 
tralia that in New Guinea, Britain in Fiji and Tonga, France 
in New Caledonia, New Hebrides, Tahiti, and so oti. 

I think the most practical way to get New Zealand properly 
interested in this work of the Pacific is to hold a conference 
Itke this in New Zealand. Then without appearing to dictate 
you can persuade the New Zealand Government to cooperate 
with tis. I should he very sorry if this Pan-Pacific Scientific 
Congress was hcld always in Honolulu, If you will send a 
stron^ delegation from America, Japan and Australia to New 
Zealand you will take the very greatest step you cati to insurc 
riie desircd co operat ion so far as New Zealand is concerned. 
I might mention here that we held a mceting of the Australian 
Associat ion iti 1904 in New Zealand and it was directly due to 
tliat conference that the geological stirvey was reorganiaed, and 
the work of dcscribing the fossils taken in hand. Now we have 
in 1923 a mceting of the Australian Association in New' Zea- 
land. You can depend upon it there will be otie or two hundred 
Australiaus at the meeting, Would it not bc the time and place 
to fix upon for the next mceting of the Pan-Pacific Scientific 
Conference? Other meetings in Canada, the United States. 
Mexico, the South American republies, Australia* the Dutch 
Indies, japan, Fiji, and Tahiti would in course of time brinp 
the scientific problems before ali the peoples of the Pacific. 

Turning now to institutions I would like to speak of the 
New Zealand Institute. This is a fcderated society which repre- 
sents the whole of the. scientific men in New Zealand and you 
cati rely upon cooperation from that body in e very possihle 
way. We have also the Polyncsian Society. This society, it is 
only fair to say, has done as much for Polynesian research. 
although it is only a small body with small means, as nearly 
ali of the rest of the workl put together. This is due rnostlv 
to Pcrcy Smith, President of the Society, who would have becn 
here were he not too old to travel. So long as the Polynesian 
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Society is under Percy Smith anci I tltink aftcr Percy Smith 
goes, you can rely upon the utmost cooperatio» and help from 
that body. But, indecd, I ani not sure that thc cooperation 
should not bc the other way\ if this Conference could pnt that 
society on its fcet financially it would 1>e doing a great vvork. 
Its fioances do not permit it to publish all tbe valuable materia! 
it has accuniulatcd. It has members all over the world and per- 
haps some of the members of this Conference woulcl like to 
join it. It is now exclusively a New Zealand society. 

I was discttssing the question of Pacific rcscarch with Mr. 
R, Speight, Curator of the Canterbury Museum. Ile has a 
strong feeling that what we shoitld do in New Zealand is to 
take the outlying islands of New Zealand first and work all 
these so far as possible. An enormous amount of work waits 
to be done in this way in the Cbatham. Auckland, Campbell, 
Bounty, Snares and other islauds. 

The universitics in New Zealand are somewhat different 
from American institutions. Thev are both coi lege and graduate 
schools in one. There is a very encouraging sign in regard to 
Pacific study in that geography has at last been elevated to a 
position among the Sciences, and modern geography as opposed 
to oommercial geography is now being taught in at least one 
college. We now havc also a place in our Univcrsity curric¬ 
ulum for anthropology. anci one college is teaching it, but we 
liave no graduate students as yet. Tn a few years we may 
hope to have graduates taking their place in the work of thc 
Pacific, 

Witli regard to cooperation among individuals. its two 
main means would appear to be ( i ) througU correspondence and 
excliaiige of publications, and (2) through travel and meeting*. 
Of course we are not all good correspondents, but at least we 
can sernl our publications. freely around the Pacific. It is 
wonderful how publication wi!l stimulate the mind and set it 
working. I for one haveiTt time to dig into tuagazines for 
scientific artides exeept on the line of my immediate work, but 
when a pamphlct is sent me I always rcad it, and enjoy it. 

I think there is nothing which will lead to greater co¬ 
operation in the work of the Pacific than travel. In reccnt 
years to niention only geologists wc have had Professor Da vis, 
Professor Iddings, Dr. Gregory and Dr, Jaggar. in New Zca- 
land. They have done a tremendous lot to widett our horizons 
and I hope that this kind of individnal travel will go ou. 
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remarks uy mr. fraser 

We in British Colnmbia are very much interested in cobp- 
erat ion hecausc it has been neccssary to ha ve a great deal 01 
cooperatiou in ordcr to accnnipLish anything. Canada is a targe 
country but from the Rocky Mountains eastward the in tere st in 
the Atlantic is greater tiian in tlie Pacific. Any institutkm in 
British Colnmbia, thcrefore, has to look to other British Colum-- 
bia institutions for assistance. Tliese insti tutioris are as vet 
very ynuug and have nced of assistance and the cooperatiou of 
individnals and institutions elsewhere. The Biologieal Station 
has heeti in operation for only twelve years, and the number oi 
wnrkers at ali times has been small. So far as the Uinversi tv of 
Itritish Colnmbia is concerned, it is but fi ve years old and has 
not yet had a chancc to do graduate work in zoological research. 
As lime goes on there is every probability that it wiil be closely 
allied with work of the marine station. The Department of 
Botaity has been cooperating in marine work and wiil continue 
to do so. As tlie University gets a littlc older its officers and 
student* wiil do a great deal of the work along the coi-t. 
llitherto wc have had to depend a great deal upon interested 
persons livjng along the coast, and have been helped by them in 
tnanv wavs. 

p w 

I shall briefly muline some of the features of coo]>eration. 
In the firsr place, take the sciencc of navigation, which dates 
hack a long time. The people of Hawaii made it very definite 
that the last work of Cook's career should bc done in their isb 
ands. Captain Cook at one time was familiar with Yancouver 
Island and folio wing after him were Vancouver and other carly 
navigator* who wcre interested in geography and coast work. 
Survcyor J, K, Lorei, who was in charge of the work of snrvey- 
ing and marking the boundary betwcen British Colnmbia and 
ncigbhnring States, published a work, *‘A Xaturalist in British 
Colnmbia,” which is almost a classic of its kind, based on speci- 
mons and data of every imaginable kind which he ohtained 
wliile etigaged on tliis work. Much zoological work was tlone 
hv the Gcological Survev under Dawson and others. Later a 
great deal of marine matcrial was collccted on the coast of Yan- 
couver Island 1 >y Prof, John Maeotin, naturalist of tliis snrvey. 
The wnrk done by the Meteorological Service has been of benefit 
and iliis is being continued at present. 
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Dr, Shipart is arranging fur valuable work in regard to 
currents and temperature on tlie coast. He expects to get re¬ 
porta by wireless from tlie trans-Pacific steamers which cross 
from Vancouver to the Orieut. Thermometers to record varying 
tempera Utres will be installed as soon as possiblc on the various 
boats. Tidal survey work is another field which could be utilized 
more than it has been in charting the various chaimels. currents 
and tides. Dr. Dawson is alwavs willmg to give any assistance 
in geographical work. The Hydrographic Survey has been doing 
good work in sounding and charting. but other data could read- 
ily be obtained wltile the work is goiitg on. The Federal 
Department of Fisheries, naturali)', is very mttch interested in 
the biological phase of this.work. and the Provincial Department 
lias encouraged investigatiou in fishery prohlcms. The Museums 
at Victoria and Ottawa have belped. 

As to literature \ve are poorly provideri. At the Station we 
have at least 1000 vol umes but that docs not go far to stipply 
the dernand. At present t liere is a project afoot among all the 
libraries in Canada that carry periodica! and scieutific publica- 
tions, wherehy we are arranging to get a complete catalogue of 
all of that class of literature from eacli of tlie libraries of 
Canada. 

Apart from tlie direct work of the Canadiau institntions, we 
have a good deal to be thatikfn! for in tlie assistance we have 
received from other institntions, particularly from several it) the 
United States. We have no hesitation in calling tipon sueh 
institntions as the National Museum for assistance, Ir seeim to 
give them so mucb pleas ure that we calt upon tbem verv often, 
and we are ready to cooperate when we are ablc to do so, A 
number of the uni ver sities in Canada and the United States, 
however distant from the scaboard, would be interested in Pa¬ 
cific work if the situation could be placed hefore them, Mnsetinis 
and universities in the ea stem part of Canada such as Torouto 
and McGill, have done good work. It is quite possihle that many 
more of the easteni institntions could bc drawn into tlie work 
if we only told them alxutt it. Out of this Coiifcrence shottld 
develop an understanding that any i nstit Litton in any couiury 
may be appealed tf' for assistance as far as its resources will 
permit. 

The relaiions of various biological stations oti the Pacific 
coast are good. Puget Sound stat ion. which is only 70 miles 
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from the station at Nanaimo, and the Minneapolis station near 
T>v, cooperate with us and there is no particular reason why that 
eonperation should not be extended. Now, when ive gn baek to 
our institutions, wc should feet more keenly the necessity of 
cobpcrating, of increasing tbc disseminat ion of literature. and 
of traveling from place to place to get a broader view. Many 
institutions are getting too mnch inbred. The sooner a change i? 
made in that rcgard. the better. 

RKM.VRKS nv MR. HF.XTUtRSOX 

[ nced liardly assure the members of tliis ConFerence that 
the United States National Museum aims fully to cooperate with 
the workers in the Pacific. \Ve are limited in sonic ways. bnt 
in others wc can hclp. Our fumis for exploration work are not 
verv great luit in some way or other we can usually count upon 
<>utside assistaucc. A great deal of our work has been carried 
011 in that way; so that if you want any particular istand inves¬ 
ti gated, call upon us and we will see what we can do. 

The National Muscum is the depository of an enonuous 
coltection of scientific materiat. For matiy years it has poured 
in in a steady stream. The care and preservation of this mate- 
rial has been the chicf object of the Museum. Much of this 
materiat has t>een reported upon but too much of it has not. I 
ihink perhaps you might help us if you could lake some action 
calling upon us to overhaul the Pacific materiat in the Museum. 
Wc might use sucti a resolutio» to aid us in getting money for 
the purpose from Congress. Owtng to the great amount of 
matcrial collcctcd, our staff at the Museum seems very small. 
Tliereforc I tliink wc can avail ourselves of such a resolntion to 
enable ns to get our coltection of Pacific matcrial listed and 
publtshed. 

Lct me enumerate some of the ways in wlitch we can 
cooperate with you: 

1. We can do a great cteal towards identifying matcrial 
sent to us, 

2. We can wclcome any student you send to us, entirety 
snrround liirn with spccimcus, and give him the use of one of the 
best libraries in tlie world, 

3. We are willing to send materiat to any accrcdited work- 
ers in the Pacific to aid thein in completing their work. 
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Whenevcr a man starts out anywhere to work up a group 
of animals or plants or anv particular fauna or flora, he needs 
ali the available matcrial in the world bearing upon his subject. 
He does only 60 per cent or 70 per cent work if he hasn’t it 
at his cotfmiand. We need 100 per cent work these days, and 
thercforc I think that wherever the need exists ali museums 
shoukl go to the rescue. We only ask that the call be approved 
hv some muscum or other recognized institution of scienti fic re- 
scarch. We might evcn send out actual types, I believe that if 
wc have any types in our collections from Australia, or Japan, 
it is for the general best interests to send them to tliose coun- 
tries. On the other hand I think that if museums in those coun- 
tries possess types of American species, they should give them 
to ns. I feel strongly in this matter because if the types of a 
fauna a man is study i ng are scattered ali over the world, if Ile 
has to go to FYanee for this, to Engbnd, to New Zealand or 
the United States for that, it takes all of his time and more than 
all his moncy. It is better to have the types of Europe in Euro- 
pean museums. of the Amer icas in American institutions, and 
of Australasia in Australia and New Zealand. In regions where 
there are no proper facilities for preserving such valuable objects. 
they should be kept in the centers of scieutific activity most 
nearly concerned with their study. I appreciate the difficulty 
of accomplishing this as I understand the unwillingness of cura- 
tors to part witlt such important elements of the collectioris in 
their charge. Rut such a yielding on their part to the greater 
good will eventually come. 

I have nothing more to say exccpt to asstire you that the 
National Museum will do all it can to carry out your suggestions. 

REMARKS BY MS, KISHIXOUVE 

Scienti fic cod|X'ration is, we believe, more necessary in fapau 
than in any other part of tlic world. We are separated from 
the centers of scientific activities, and often lack type specimens 
and the newcst literature. We fcel keenly some drawbacks in 
carrying on scientific investigat i ons in the Orient, thongh the 
Japanese islands extend a great distance from nortb to south 
and are rich in flora and fauna. At present we are carrying 
out investigat ion s and keeping in correspondence with coi leges 
and institutions in foretgn lands. 

Taking an example in mv own line of study, l fournl that 
the tunny (Thunnus Orientalis) of my countrv is a little dif- 


Digitized by 


Google 


Qrigmal from 

HARVARD UNIVERSITY 



I'W-I\\C11'1C SciGXTlFK CoNFtRF.NCE 


* Ofl 


ferent from the European species and I was very anxious to get 
s|>ccimetis of thcse for comparison, Before the greai war I 
wrote to the Zoological Statiori at Kaples asking it to senti 
s|M?cimens of European t minies. They sent tlie speci mens on 
Iwanl a German steamer just prior to the outbreak of the war 
lmt unfortimately the steamer was confiscated in the Red Sea 
and so the speci metis never reached me. Often we have snch 
inconvenientes. We wish therefore. very ardently the coopera- 
limi and cxchangc of imblications and specimen s in my coutitn. 
lEit many of thcse publications are written in Japanese. and 
although we send these publications to you, you can not under- 
staud them, ihotigh pcrhaps you cnuld get soni e ideas froni the 
illustrations. 

Iu our olfl I iteratu re writtcn in the time of onr graud- 
rather s or great-grandfathers. we find sometiincs valuable in- 
formati on which often gives hinfs in making liew investigatione 
This iitcraturc is mostly unknown in Europe and America. \\e 
hdieve we can gtvc assistance in niaking this literature available 
and also in cxteiidiiig to you the privilege of smdying in our 
biologica! stations. In that way we cau rcturn vour kiudness in 
scnding valuable spccimcns and publications t > our institui imi' 
and invvstigators. 

RltMARKK ltv MR, MeKWEX 

The work of the Scripps Instituiion origmated nbout 2 $ 
yoars ago in the desire of a few zookigists from the l’ n i ver si tv 
of California to learn something of the practieiily unknown 
animal !ife in ihe Pacific or 10 extend their efforts to marine 
hi( dogv. 

M v own work has not heen biolngy but rather an attempt 
to cooperate with biologists in the effort to leam of the distri- 
hutioii of marine life and the relation of these organisms to their 
cnviroitnicnt: so that the learling idea of the mstitutiou is a 
program of work carried out, perhaps, as in a factory System 
where eacli individua! has a certain duty to perform in attaining 
the genera! object. Each one woukl have at least some compre- 
hension of the iiecds of the others and of the work they were 
doing. 

In order to do this work a salary was necessary to insnre 
coiitiimitv of effort. Also with our rather limited funds it was 
necessary to restriet the work to a small area. And so our work 
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has been almost entirely local and as continuous as possihlc both 
in time aml space witliin this locality. 

The resuit of these efforts has led also to another feature 
of our work, namely, that of the development of methods of 
dealing with results thus obtained, It is fully recognized that 
such mtcrtsivo work must be quantitati ve, The detcrmmation of 
the laws of relationships is a matter of exact reasomng and con- 
sequently a good deal of attention was given to the mathematical 
Application particulari/ to the staSstical study in the field of 
biology. and to the study of the phy sic s and mechanics of the 
ocean. The facts with reference to the oceanographical work 
can to a certain exteiit be directlv observed, and to a certain 
cxtent require the careful quautitative study of the data, in the 
samc inanncr as a probi em in the laboratory, with a view to 
determinitig these things that cau not be observed direetty. 

While we have this definite program of work which we are 
doing, we also have facslities for visiting scientists who are wel- 
come to the use of the laboratory and the liorary for their own 
individua) problems, and we nearly always have visiting scientists 
of that type. 

The members of Ihe scientific stafF believe that the idea of 
cooperative effort directed toward definite ends, but allowing for 
individual freedont and initiative, as has been tricd out within 
ibe Institution, should be given due attention in ihe larger 
imdertakings concerni ng tbe Pacific as a whole. 

I rnay perhaps conclude with an excerpt fmin an outline by 
Professor William E. Ritter. Director of the Scripps Institution. 
on "The Rote of the Scripps Institution in a Prugram of Pacific 
Exploration 

REOl-lSlTES FKOM THE SIANITOIST OF T11K SCRIFPS INSTITUTION* 
FOR TUE “EXI'1/WATlON OF THE [\\CiriC AREa" 

1. Ext en v ion of cobperation aniong marine lalv.matories of 
the area, 

2. Adriitional futuis fur sh ore-labo rato tv investigation and 
boat work, 

3. 1'tilization of nierchaut ships for field coUccting, 

4. Better cooperatimi with fisheries. 

5. Cobperation with surveys, etc., for marine cables. 

6. Coverninent participationi Hureati of Fisheries: Coa st 
and Geodetic Sitrvey: Mghtships and I.igJithousc Service: 
Weatlier Rureau; Navy. 
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CoMmV-VTCATIOM FROM J-BOFESSOR DALV 

Reginald A, Daly, Professor of Geologv, Harvard Uni¬ 
versi ty, in a commimication submitted to the Committce on 
Program (published also in American Journal of Science. Vol. 
41 , 1916 ) : Whilc individua! investigations have been stressed 
in the present note, tlie writer shares in the maiu conccrn or 
the Conferonce. It has been calted primarily to illustrate and 
turther tlie spirit of cooperation. The only economic way of 
reaching the trutb of nature is to conjurate, first, last, and all 
tlie time. A boclv of specialists, togriher qnestioning all of the 
Pacific oceanic islands, are sure to reach final rcsults qnicker 
tlmn is possilde to a inuch greater number of equally capable 
men wlio independently ^motiograpli” islands or island groups. 
Kegarding the origin and distribution of organisms or mcks, 
the testimony of a single island or group is bound to be doubt- 
ful. The very refinement of analysis in a restricted area may 
give misleadiug resnlts and represent energy worse than 
wasted. A problem vita! to tlie biology or geology of a single 
island or group may be suprevncly difficult, or impossible, of 
solution, if attacked merely in tbc light of local facts; yet the 
MiUition may soon be ciear as day wlien Information comes from 
ncighhorirtg islands or archipclagoes, Xegatively. in the pre- 
vention of waste of energy, as well as positively, in tbc con- 
sdniis adoption of Ibe only feasible metbod of reaching final 
tniths, the plan of comprehensive, synthetic cxploration of the 
Pacific islands has clainis for serious considerat ion. 

«I-MAKKS ttV MR. HLSflRY 

\s the general aspeets of this question at issuc bave been 
”1 >nc into Fomcwhat fnlly, I will make my remarks very brief. 

The Academy of Natural Sciences of Philadelphia has been 
more or less interested in Pacific problems almost from its begin- 
ning. A pnper published nearly too years ago dealt with Pacific 
problems. In the last fcw years it bas published several volumes 
doalitig exclusivelv with Pacific island fauna and flora and also 
extensive papers on Pacific fisbes. Part of this Work was done in 
eoi laborat ion with the staff of the Bishop Museum, Specimens 
from otlier museums of the United States and England were 
used so that there has been a certain amount of cooperation 
between mnseimis in this work of Pacific exploration. 
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There will necessarily be a good deal of subdi vi sion. Cer¬ 
tam institutions will be able to take up groups eitber geographic 
or biologic. It is a question now whether parceling out the work 
between the various institutions is not one of the first things to 
be done. 

However, the financial question is at the root of this niat- 
ter. It seems to me that it may be possible for several museums 
or other institutions to cooperate in sending an investigator and 
share in the resuit as well as in working up the matcrial which 
would be secured. I am sure that the Academy of Natural 
Sciences will be willing to continue to collaborate in Pacific 
work to the extent of its ability as it has been doing in the 
last few years. 

REMARKS BY MK. CUSHMAN 

The Boston Society of Natural History at Boston and the 
Museum of Comparative Zoology at Cambridge are cooperating 
so that Facific-type materia! is being concentrated at Cambridge. 
The Pacific foramini fera studied by me is being placcd in the 
United States National Museum wherc it will be available for 
future workers in the group. 

REMARKS rtY MR. MEKRILI, 

1 will confine my remarks to two subjects: (i) the rela- 
tionship of the Philippine Burcau of Science to the topic under 
discu 5 sion; and (2) certain details of cooperation that have 
been developed iti the Philippi nes. 

In reference to cooperation between the Bnreau of Science 
and other institutions» it sbotild be definitely understood that the 
Bureau is entirely supported by government revenues and its 
expenditures are limited by the Legislature. This is also trite 
of other institutions in the Philippines which are in a position 
to cooperate; there are 110 privately endowed institutions. 

The Bureau of Science, which I represent officially, is an 
institution of very comprehensive scope. While we do a consid- 
erable amount of scientific work as such, we are cotnpelled from 
the very nature of the institution to do a great deal of practical 
work and much of the activity of the Bureau involves the 
applicatiori of Science to economic problems. Cooperation is of 
course limited by the technical personncl availahle which varici 
from year to year; but so far as possible it is the definite policy 
of the institution 10 cooperate to the greatest possible extent not 
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only Avitti other govemment units iu the Philippines, but with 
scientific institutione in ali other couutries. Of necessity we have 
had to depend to a large degree on America to suppty the teeh- 
nical personnel of the institution. In a verv high percentage of 
cases individuals have come to the Bureau of Science for two 
years or at the most three years and have tlien retnrned to the 
United States. Fcw of those who have been in the Service of 
the Jlureau of Science during the past 20 years have remained 
for any appreeiable time. You will, of course. realize imme- 
diately that those individuals who have remained conti niiousty 
are generally the individuals who have accomplished results, 
especiallv in Natural History, A man mu st remain constantly 
in his selected field for a long period of years in order to 
accomplish imich of lasting importance. Whtle ali of the 
employees in the higher positions are in the civil Service, yet 
owing to unsettled governmental policy and the continual agita- 
tiou for independence, it is often difficult to itiduce highlv traincd 
men to remain in the Service largelv because of uncertainty a< 
to the future. 

The other subject I wish 10 mention is the resuit obtained hy 
cooperation in collecting botanical materia). Conimeucing in 
1902 I have built up in a vacant room a Herbarium of the 
Bureau of Science of over 200,000 specimens not by ptirchase 
hut almost wliolly by collection and exchange of materia!. It is 
now one of the three largest collections in Asia. The success 
in buikling np the collection has been largely due to cooperative 
mensures adopted. The serious attempt to make the herbarium 
an index not only to the systematic aspects of Philippine botam 
hut to economic study as well lias been so sticcessful that the 
I lerbariuni is cnnsulted not only by systematists hut also by those 
interested in economic botany, agriculture. ethno-botany. philol¬ 
ogi', and other subjects. These results have been obtained by 
ctnplnying a simple field labe) on which data are very easily 
recorded. From the Bureau of Forcstry alone collectioris have 
been reccived from over two hutidred individuals during the 
9 ast '18 years. aggregating about 30.000 specimens. Many of 
these arc from men untramcd in botatiy. My most efficient 
collector is a Filipino who never got beyond the primary grades. 
Abundant duplicate materia l has been secured which has beeu 
of the very greatest value for exchange purposes. 

Tn securing the mater i ai 110 w incorporated in the herbarium 
of the Bureau of Science the scrvices of teachers. niissionaries. 
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amateur botanists. horticulturists. foresters, rangers, and others 
have been enlisted. When non-botanical expeditioris were sent 
ottt the poticy was generally adopted of supplying somc member 
of the party with a srmall compact outfit for preparing botanica! 
specimens. Thus nntch exceediugly valuable material has been 
secured often at little or no direct expense 

In tbe exploratiori of the Pacific I believe tbat codperation 
should Ite developed between the different Sciences. Thus, for 
example, most valuable botanical material could be secu re d from 
purely an thropo logica I or geological expeditions. It is not always 
necessary to send a speciat man along to make botanical collec- 
tions. Each partv sent out should take a compact botanical out- 
fit. field labeis for recording notes, and should be asked to secure 
as much botanical material as possible without, however, infring- 
ing on the particttlar object of each ex pedit» n. 

WKMARKS nv MR. HOVKY 

I am very glad to havc tliis opportunily of saying something 
regarding the institutbn which 1 have the honor to represeut, 
especially since the gentlemcn who have preceded me this morn- 
ing have. with one exceptiou T believe, spoken for government 
institutions. The American Museum of Natural History is not. 
as has sometimes been inferred from its title, a federal or even 
a state affair, but it is supported entirely by the City of New 
York and by private indivtduals wbo are interested in the pur- 
poses for which it exisls and the work which it is doing. It may 
interest those who are not familiar with the administrative side 
of tbe American museum to know that there is direct coopera¬ 
tio» between the city and her citiaens in carrying on an enter- 
prise of this character, whereby the city owns the building and 
the land whereon it stamls and provides an annual appropriatioti 
towarcls its maintenance, while the coltections, in whatever man- 
ner they may have been seotred, are held in the name of a board 
of trustees. The latter must provide the fumis for ali expedi¬ 
tions, for preparatory and research work dooe upoti collections, 
atid for ali publica tions. The funds are derived from etidow- 
ment, memherahip fees, and general and special subscriptions. 
The appropriatioti from Ilie city for the current ycar is $300,000 
and thc income from other sources is about $500,000, 

Althongh the American Museum is situ at ed on the Atlantic 
coast, its acti vities in the Pacific region have been long-con- 
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tinued and extensive. Without trying to be exhausti ve. I mav 
mention the work of oiir Museum vertebrate paleontologists in 
California and Rritish Columbia: of our mammalogists on the 
whales and sea elephants of the Pacific, the seals of Alaska and 
the land mammals of Korea, China, and Mongolta: of our 
omitliologists on the birds of the coast of Chile and the Andes; 
of our invertebrate zoologists on the land suails of the South 
Sea islands; and of our anthropologists along the whole Pacific 
coast of North America, on the Aleutian Islands, in Siberia, 
China, the Philippines and among the islands of the South Seas. 

I have already mentioned at another session the hroad 
pians, aniply financed, now being put into effect under the direc- 
tion of Dr. F. M. Chapman, for an intensi ve study of the bird; 
of the Pacific during a period of five years, using among others 
such noted collectors as R. H. Beck and R. C. Murphy. Dr 
Chapman is hkewise pushing forward the ormthological work in 
the Andes. Dr. H. E. Crampton is on his fifth zoologicai expe- 
dition in Polynesia, Mr. R. C. Andrews is organizing a com¬ 
prehensive study of the mammals of eastern Asia to cover a 
period of at least five years. Dr. Wissler has told you of our 
pians in anthropology in cooperation with the Bishop Museum 
of Honolulu, one feature of which is the loan of our Mr, Sulli- 
van to that Museum for two years of intensive work on the 
aborigines of the Ifawaiian and other islands, 

Cooperation lias always been a characteri Stic of the policy 
of the American Museum, not only in field work as evidenoed 
hy expeditkms in association ivith the Smithsonian Institution. 
the Cui versi tv of California, the Bishop Museum and other 
organizations. but also in the matter of gift, exchange and loan 
of speci mens, and hospitality to research workers and preparator* 
in our own laboratories and halls. We senti our publications all 
over the world and wc have deposited complete sets of them in 
severa! scicntific centcrs about the Pacific, where they are avail- 
able to students. Doubtless additional depositories would l>e 
est abi i sh e d if tliere were need for them. We lend books from 
our cxicnsive lihrary to workers everywhere ivithin reach in the 
effort to advancc Science. 

The keynotc of this first Pan-Pacific Scientific Conference 
is "geLting together,” in cooperation in exploration, collecting, 
research, and pul dicat ion. The American Museum of Natura! 
History desires to give to the extent of its abiliiy in furtliering 
this pnrpose as well as to rcccive. 
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REMARKS RY MR. SAFFORD 

I ani sorry that the United States Department of Agri cul¬ 
ture is so inadequately represented at this Conference. Among 
those connectcd with the Department who were invited to 
attend but were unable to do so were Dr. Charles F, Marvin, 
Chief of the Weather Bureau; Dr. Karl F, Kellerman, Assist¬ 
ant Chief of the Bure an of Flant Industry; Dr. Walter T, 
Swingle, Physici logi st in charge of Crop Physiology and Rreed- 
ing In vestigat ion s; Dr. Daviil Fairchild, Agricultural Explorer 
in charge of Foreign Seed and Piant Introduction; Dr. C. L. 
Marlatt, Assistant Chief of the Rureau of Entomology, jn 
charge of Tropical Fmlt Insect fnvestigations ; and Dr. E. W. 
Nelson, Chief of the Burcau of Biologica! Survcy, 

The scientific institutions of Hawaii already feel sure of 
ali possiblc a id and cooperation en the part of the varicus divi- 
sions and offices of the United States Department of Agri cul¬ 
ture in ali their investigatione and projects, It might be of 
interest to other delegates to know that the Weather Service is 
included in the Department of Agriculture, and that to this 
Service the Volcatio Observatory at Kilauea no w belongs. Other 
observation stations engaged in collecting and distributing cli- 
matological data are sitnated at Honolulu, Alaska, Washington, 
Oregon. California, and on the island of Guam. 

Our Bureau of Animal Industry offers codperation through 
its variotis offices and divisions, including those which concern 
themselves in the breeding and improvemetit of domestic ani- 
rnals, in studying the causes and cures of epidemies and infec- 
tious disease*. and in the in vestigat ion of diseases catised hy 
animal parasites. 

Our Forest Service has concerned itself with the forests of 
Hawaii as well as those of the Pacific slope of North America. 
Among other acti vities, our Bureau of Piant Industry deals 
with the propagation and breeding of planta, with the discases 
of plants, with investigations of plants yielding textile fibers* 
with iniprovenient of corn and other food Staples, and with the 
introduction of foreign seeds and plants into localities suitahle 
for their cultivation. 

The office of Systematic and Economic Botany lends hearty 
cooperation to collectors of plants, horticulturalists, and agri- 
CLilturists, in identtfying plants, tracing the source of piant prod¬ 
ucta, such as textile fiber s. bark cloth, twine, gurus, resins. 
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copals. pcrfumes. oils, dyes* starches, stimulant*. and medie me s. 
Maierial of tJiis kind together with the niother plauts from which 
the vario iis products were derived inchided in the Eccmnmic 
Herbarium of the United States Department of Agriculture has 
been reeeived from Chile, Peru. Ecnador, Colotnbia, Panama. 
Costa Rica, Nicaragua, Salvador, Guatemala, and the Pacific 
coast of Mexico, as^ well as from the island of Guam. from 
American Samoa. and from tlie Philippines. In this connection 
l wruild call attention to ait those intercsted in the history of 
exploratior of tlie Pacific that the plauts of the Wjlkes Explor- 
ing Expeditiori are included in the National Herbarium, 

Iu conclusio» I vvould call attention to the acti vities of the 
Pnrcau of biologica! Survey, which has establishcd a bini reser¬ 
vat ion mi Rird Island h an islet of the Hawaiian group, of which 
Mr. Gerri t P. Wilder of the liishop Museum lias been named 
warden. Among the results of the work of this burcau is a 
txautifully illtistrated work on the vegetatio» of Lower Cali- 
fornia, Another publication which bas proved useful througlioiit 
tlie tropica 1 Pacific is “The Useful Plauts of Guam,” which con* 
tains not only descriptioris of plants widely spread throughout 
tlie tropies, but also deals with the distribution of plants. tlie 
natural history of the island of Guam. and an account of the 
aborigmal and the modern inliabitants of the island. 

HKMARKS 11Y MR, MOOKK 

The Purcaii of Pisheries was fortunate in liaving it' 
foimder a man of verv broad views who appreciated iti the begi li¬ 
niti g tlie value of coriperation. The very first work carried on 
by the Hureau was cooperative work on the coast of New Eng- 
land and the policy which was adopted at that time has always 
been coutiiuied. We. therefore, feel that we are quite familiar 
with the methods of eobpcration and as we have eobperatcd with 
all the leading biologists in the United States It is not necessary 
to say verv tiittch in that respect. Our physical facilities for 
cooperati on in the exploratiori of the Pacific are, at preseni. 
limticd to the steamer Albaiross with such assistance as could lie 
reudered by our fisli culture stations in the Pacific coast States. 

I belicve it is not necessary to say verv much in regard to 
the . tlbatross which has carried on very extensive investigatione 
in tropical and north Pacific waters. She has been the medium 
for a luimber of cxpedjtions which have cxplored the island* of 
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the South Scas, Japan and thc vicinity of Jlawaii and tlie Philip- 
pines* and thc pub I icat ion,s on thc subject of these cruises are 
quite extensive. Some of them are invahtable in the marine 
biology of the Pacific, 

I wtsh to say that the policy which the Bureau of Fishcries 
has followed in tlie past will be maintained and that if coopera- 
tiori is destred ali that is necessary to secure it is to ask for it. 
Ali reasonable rctjuests will be met, and on tbc other haud the 
Ilttreau of Fisheries will call on other scientific institutions for 
aid if it cannot accomplish what is desired through tts own 
efforts, and shall expect it to be granted if reasonable and 
proper; but if it be refused. no reseminent will be felt. In 
other words, we understanrl that cooperation is an arrangemeiit 
which mu st bc mutually satisfaclory. 

Now in regard to the General subject of cooperation. partic- 
ularly in respect to the policy of this mecting: afler the close 
of the war between the Northern and Southern States of the 
United States, the country foitnd itself on a paper money basis 
and there was a grcat deal of discussion abnui how specie pay- 
ments should be resumed. That discussioti eotitimied tuiti! 
John Shennan said that the way to resume was to resume. 
And that is how I feel aliout cooperation—tlie wav to cooperate 
is to cooperate. I do not feel that a discussion of tlie geueral 
methods is of a great deal of vahie, If we possess the spirit of 
cooperation we will put that spirit into aclual operation, into 
actual effcct. 

I bebeve that this congress will not accomplish verv much 
unless each of us. when he Icaves here, goes with the idea of 
putting himself individually, in his own persoli or as the repre- 
sentalive of an iustitution, back of the things we have beeii 
discussiug. The successful prosecution of the work we have dis- 
ciisscd here depends on how soon wc are going to "get down to 
brass tacks,” get together and clraw itp specific pians hased on 
the gcneral broad pians wc have discus sed here and find ways 
and means of putting tliem into exeeution. 

REMARKS nv MR. GRKf.ORY 

Discussions during this Conferenec have shown clearly that 
the scientific problems of the Pacific are not onc-man jobs. 
They are either too complex to he grasped by one mimi or 
require masses of data impossible to be ohtained even bv a 
Methuselah. Such problems as we have discussed here can be 
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sticcessfullv attacked only by cooperative effort and tbat on a 
generous scale. 'Whether or not we like the feeling. \ve niight 
as well humbly recognize tbat problcms wbose signi ficance jus* 
tify a lifetime of devoted effort, are too big for one man or for 
one institution, 

Otir dtscussions ha ve shown that the facts, metbod? and 
conelitsions of one group of specialists are closely interwoven 
with those of other groups: and tbat eveti the staiidardized 
divisions of Science mean little. It appears that a voicano is a 
physica!. Chemical, mathematical, and engineering pmblcrn as 
well as a geological problem; that the explanation of a coral 
reef involves contributions from nearly ali branches of natura! 
and physical Sciences : and that ethnological problems are at 
the same time prohlems in anatomy, botanv, meteorologv, 
geology, and psychologv, and we miglit also add in histon , 
economics and theology. 

To mv mind, the elements of cooperation are: plan, person- 
nel, funds. and the will to cooperate, The first three are essen¬ 
tia! agencies. The fourth is the favorable environment without 
which the agencies fimction poorly or perhaps not at ali, 

Flanning in which many minds cooperate (straugely enough 
a relativelv new conceptioni insures the selection of fundamental 
problems, sound methods of procedure and adequate publication. 
It also tends to eliminate uunecessary duplication of funds and 
of effort. Imdligcnt choice of personnel goes far toward sub- 
stituting expert for amateunsh work. The advantage of pooling 
funds to produce a sufficient amount for a particular project 
is obvious. 

Throiigh the Research Councils of various countries well 
considered pians rnay be obtained. and funds are usuallv fortfi- 
coming for projccts strongly backed by a large group of unselt- 
jsh men. Personnel, however, presents a genuine difficulty: the 
number of existing workers and the crop of promising materia! 
in our edttcational inptitutions is woefidly short of the demand?, 
Likewfse the will to cooperate appears to be in a somewhat 
flabby state. The conditions which surround most individua) 
and institutional work make it easy to find reasons for not 
cooperating, There seenis to be needed a code of ethics whidi 
emphasi aes generosity, helpfulness, perhaps evert sacrifice, aml 
puts the kapu sign on credit, priority, and large museum collec¬ 
tioris ; a code which cleady rccoguizes that the purpose of 
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scienti fic researdi is to enlarge knowledge and not to euliance 
personal interests; that workers in a given field arc not com¬ 
petitor® bnt team mates. 

My views of the purpose and the desirabie scope of cooper¬ 
it t ion mav be cxprcssed in concrete forni by outHning some 
activities of the Bishop Museum designed to make effective tbe 
broad-minded policy of the trustces, 1 

To provide for tritich ueeded work in Folynesian pbysical 
anthropologv. the American Museum and the Bishop Museum 
are jointly financing the work of Dr. Louis R. Sullivan, and the 
tivo institutions have an agreement regarding omithologicaf 
work iti the Pacific. Yalned relations with Carnegie Institution 
have been maintained through the late Wi Iliam Churchill and 
Professor Crampton whose present expedition the Muscum has 
largely financed. By agreemetit with Vale University, the gen- 
erous gift of Rayard Dotninick is heing expended by tbe Museum 
on ethnological and botanical work in Tonga, Marquesas» Aiis* 
tral Islands and Ilawaii, and fottr fellowsliips, yielding $1000 
each, have been established. 

For ycars the National Museum Itas given assistatice. and 
Dr. Wi Iliam Dall is an honorary member of our staff. Dr. II. 
A. Pilsbry of the Philadelphia Academy and Dr. C. Montague 
Cooke of the Museum are collaborating in the study of Ha- 
waiian land shells. The expenses of tbe work of Dr. Edward 
S. Handy and Kalpb Liiiton of Harvard University, Prof. Ed¬ 
ward W. Gifford of the University of California, William C. 
McKern of tbe University of Washington; R. T. Aitken of the 
Milwaukee Muscum and Prof. Arthur J, Eam es of Corneli 
University, ali members of the Bayard Domiuick Expedition, are 
being met by tbe Bishop Museum. The expenses of certain field 
study in New Zealand are charged against tlie Museum’® budget 
as is also the cost of prmting several mannscripts by student* 
in various parts of the Pacific whose researches are now lost to 
Science because of difficulties of publicaiiou. The Museum has 
profited greatly by tbe willingness of Dr. Clark Wissler. Dr. 
Elmer D. Merrill and Mr, Otto IU Swezev to serve as con- 
sultants. 

With tbe University of Ilawaii arraugemeiits have been 
made whercby building iip a strong library, conccntration of 

1 Sce Address of WoIomiH' 011 UTuill' nf tlw Trusttrs of Hernice 
P. Bishop Mnsctiin hy A. F. Judd, P res i dent of the Boarii. Priutcd on 
pjyc 947 • 
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colleclfons. developmetit of marine zoology and tlie training of 
workers bccomes a joint entcrprise, Even if funds were avail- 
able it is untikely that the Museum would organice a large staff 
of inadcquatcly paid men, preferring rather to make opportuni- 
ties for spedalists interested in Pacific problems to carrv on 
their work. 

The Museum*® attitude toward collection® is in harmony 
with its policy regarding investigat ion and publication. It is 
proposed to bring tfjgether sueh materials for study as seietitists 
might rcasonably expeet to find in Honolulu. Bv general 
ag re ement these materials should be gathered : (i) from the 

1700-milc chain of the Hawaiian islands; (2) from other Poly- 
nesian groups; {3) from Micronesia* (4) from Melanesia. 
The Museum desires to assist in building up collections in other 
centers of study and hopes to receive assistance in making ihe 
collecttotis within its field increasitigly valuable for student® 
interested in Pacific scientific problems, 

K£MAKKS BY MISS TILDEN* 

If this congress would recommend, or suggest to the iitland 
univer.sities and colleges of the United States and otlier cotm* 
tries. the establ i sinuent of fellowships in scientific departnictits. 
such as anthropology, botany, zoology, geology, physies and 
chemistry for research work in Pacific countries, so that their 
gradnate studems might bc able to become acqtiainted with 
scientific problems and opportunities in this part of the work!. 
the resuit would be of great value to ali concerncd. 

RKMARKS BY JIR. FRYE 

The Puget Sound Biologica! Station is sntall and the sum 
of immey it has to spend is not very great. The University of 
Washington, of which it is a part, is a new institution wliicli has 
grown more rapidi y in numbers than in wcalth. 

I think the uatural field of the University of Washington is 
northward from Scattlc. not because it would not be interested in 
the South Pacific, btit because it is much cheaper to go north- 
ward, especially as there is no direct line connecting Seattle with 
the Hawaiian islands. The lines from Seattle run to Alaska 
and all of iis acti vities lie toward the north. 

But in general I think there are ways of cooperation and tli<? 
firsi of them is by exchange of ltterature, \Ve would like to 
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kiiow what is being done in the Pacific because we live <>u the 
Pacific. In trying to work up a library I have foutul a tremen- 
dous difference in the attitwles wliich the different institutione 
take. Some institutions like the Stnithsonian and the United 
States National Museum are very liberal,: otliers eqiially large, 
wiil exchange onlv an equal aniount of material and as our pub- 
licatiou is only in its second volume vou cati readily see ihat we 
are not in a position to exchange on their basis. Furthennore, 
the Puget Sound Biological Stat ion is ioo miles froni Seattle 
and duplicate copics are very desi rabie, 

One of the difficulties we find especially in our st at ion is 
that we caunot get at what scientific men are doing in Japan 
and the Latin countries of South America and Mexico because 
tlieir publications are written in Japanese and Spanisb. I believe 
it woutd be wisc to have thesc works whicli are printed in 
Japanese and Spanisb reviewed in American journals. 

Anotlier point is that wbile I miglit likc to do tbings In 
the Pacific the cost of goitig froni one country to anotlier is too 
great. For instance, the sliore regions of New Zcaland are 
like tbose of the Pacific coast of America and i sltould likc to 
see tbem and very probably could get a year off. I would also 
like to visit the Fhilippine Islands to see what niosses they 
have. There are a great many thiugs which necd looking into 
but the cost of trans portat ion is too great* 

T wonder if this could be done; if tliis congress could 
recommend to the various governments that the fares of scicti- 
tific men bc reduced wheu the sci en t i sts are prepared to do a 
definite thing and the Government is prepared to approve that 
work, the idea bcing not to have these fares free, but tliat steani* 
ship companies should not make motiey out of the scient ists 
who are doing somctliing for the benefit of otliers. 
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(l , Vmi llae stcnogrnpliic rcports of ihc Grncral Sc-ssion, Aiifjust i K, 

KKMARKS IIY MR. YAMASAKI, CE1AIRMAX OF THE SESSION 

If scicntific work in the Pacific is to go forward, a suitablc 
corps of well-trained workers must be provided and organized. 
In Japan, at least. tlie mtniber of workers interested in other 
parts of the Pacific is un fortunat e ly small. I believe a basic 
difficulty lies in the character of tlie elementary schoolbooks 
nsed in various countries. They contain little information about 
tlie Pacific and the information they do contain is a mixture of 
truth and error which is misleading and sometimes harmful, 
Tcxtbooks for the lovvcr schools which gave sufficient informa¬ 
tion about the islands, people, plants, animals, and history of the 
Pacific might interest a mimher of youths who later on would 
feel drawn to adcl to onr knowledge of this vast area, about a 
third of the earth T s surface, 

Without taking more of vour valuable time. I will ask 
Presidcnt Dean to gtve ii Es vicws, and I hope that othcrs will 
follow, 

kCMARKS nv NtK. OKAN 

This Conferente is conceming itsclf vvith what sliould lie 
done in the Pacific and how to do it. There is very closely 
allied with those questions the other one of "Who's goitig to do 
it?" And that. I take it, is what we are concerning otirselves 
w ith this mornitig. Theie are uot enough able young men going 
into scientific work. We have the problem of getting young 
persons to take np scicntific rcseaneh and of training them so 
that they will bc competent for the work which has to be done. 

This dearth of properly trained young men going into sdetice 
is sometimes laid to the insufficient finaiicial reward, sometimes 
to certam socia 1 and psychologica! factors which discourage men 
from going into Science. 

As to the financial end of the proposition, it seems to me 
perfectlv obvious that there is a base below which you catmot go 
if you arc dcaling with |>ersoiis who must earn their own livings. 
Of course there are a certain mtniber of persons who do not have 
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to eam a livi ni^ and tliat do not ha ve the ahiding stimulus ot 
necessity which is ustialjy the one thing which we can depend 
upon to kcep men at work. The conditions of employment in 
scientilic research should obviottsly be such that a man cau live 
a normal life and can look forward to having a family and a 
reasonable degree of the enjoymeiit of this world'? goods, When- 
ever you get hold of a young man who has a family, the chance* 
are atl in favor of his heing very jealons of bis childrens future 
and auxious to provide for theni the things which he deems 
necessary for their educat ion and getting them launched in the 
world. I am afraid that the compensation in scientific work. 
Avitii the present conditions of living, is below what you can 
cxjiect men to live on, Financially, the thing is not at tracti ve. 

There is the other phase of it, the psychologica 1 rea>om 
why men are not attracted into scientilic pursuits. It isn't alwa\> 
the fact that we dont get a large income; it is the fact that 
petifde think we ean t get one that bothers us. There is a feeling 
mi t lio part of young men of universities that the mark of sitc- 
cess and the mark of a man is the amount of motiey which he 
can accumulate. That isn t due to the university etiviromnem, 
hut m the en vi ron metit outside the university, To meet thi- it 
must be made ciear tliat there is adequate financial support and 
that the accumulat ion of knowledge is a basic thing, a thing 
worth paving men to do. That is one thing which scientilic men 
and this Coufcrencc should insist upon. And another is the cn- 
ution of the view that scientific work is a marTs job, that men 
do it liecause it is worth while, and that men go into it not 
hecause thev are not gonii enongh to go into something else hut 
heeause it is a rcal mari s, work and as worth doiug as running 
a hank or a shoe factory. 

Turni ng from these genera 1 consideratioris which ha ve to 
do with the attitude of men toward scientific work* we come to 
the specific qnestion: Wliat kind of training is needed? ]">r, 
Yamasaki tnuched on a very real and very important need: that 
way back rlowu In our lower schools there should be more in for¬ 
matum alx>ut ihe Pacific Oeean and the countries which border 
on the Pacific. There is a mixture of gaps of Information and 
of misiiiformatinu—a great deal of the lattcr—-iti the educatum 
of our children. The islands of the Pacific Oeean and the 
countries which lic around the Pacific Oeean are neglected in 
the lexlbonks which we ha ve in the lower schools. Pcoplc have 
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not wakcd «p to the fact that thcrc is a tremcndous mimber 
of people arouml the Pacific and that they are doing things 
which are worth while. 

In the colleges and universities we fimi that the undergrad- 
uate student comes to us with tlie attitude of wanting perfectly 
definite. finished statements: that he has the average maii s 
intolerance and the average inans laziness iti arriving at judg- 
ments himself. And the inability to aualyze a proposition into 
its elements and come directly to the centcr and core of the 
rnatter is one of the fatal deficiende* of fhe undergraduate stu- 
dcnts. What we need in the handling of tliese yonng&ters is a 
teacher who can lead tlieni, a reliable. indepemlent tcacher who 
cati teach them to observe accurately and think clearly. That i* 
the kind of a teacher which is tieeded iti the elementary cmirses 
in the uni versit i es. And thcn in the last years of our universi tv 
work we sliould more and more influence the student to work 
«n some jo1>-—to begin to feel responsi hi lity. That can be doue 
bv giving him some special joh, something to look up, and to 
carry tlirmigh to a finished conclusion so that he can say. “That 
thing is done.” This is one of the things that our juniors and 
seniors in collcgc ought to do. 

Tliere i,s one specific tlnng that has to (Io with traming for 
the work in the Pacific. Yoti will find that En^lisli is a language 
which is taught in the high schools and universities in China and 
Tapan. I 11 American schools an<3 colleges we are paying almost 
no attention to the other Pacific languages. It is ahsurd and 
exceedingjy umvise to know nothi ng at ali aliout tlieir languages 
and ha ve to guess at what tlie other nations are ihinking abont 
except as they teli it to iis in English. 

There are a great many young men who ha ve managed to 
get through an undergradnate cnurse that would like to gn into 
scientific work, but they find themselves at an age of perhaps 
twenty-oiic or twcnty-two years cotifronted with the probi em of 
self-support, and if they go into scientific work they are going 
to he very ntiich np against it if they are going to makc a ]iv- 
ing. So. it is of first importante that there sliould he fello w- 
sliips in sufficient mimbers so that we cati get young nien to 
continue their training in scientific work, and I wjsh that these 
things could l>e lookcd upon not as charitablc gifts but as coni- 
peiisation for work done: in ntlier words, that a man who is 
wnrking on a fellowship shmild feel that he ha< a joh and that 
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he is being paid for his work. That puts a liltle different asj>ect 
to the thing and it appeals to a little different side of a man's 
nature. 

Finallv, l think that it is essential that we should have a 
very large degree of codjieration betwcen the sdetitific institu- 
tions which exist around the Pacific. I should like to see tt made 
possible for the student to go if necessary from one place to 
another without losing time in the work for his degree. For 
exatnple, if a young man from some uni versi ty away from here 
wishes to come here to study about the volcano of Kilauca, it 
should be perfcctly possible for him to come over here and work 
under Dr. Jaggar and his work here should be counted as a 
part of the rcgular work for his degree. That means the draiv- 
ing together of the graduate departments of the itistitutions 
horderjng 011 the Pacific and the research institutions so that 
men can move about from one place to another and get to know 
and utilize the opportunities that exist. We need a cleariug 
hunse of Information about these opportunities so that we may 
capitalize fhem in the training of young men for future scien- 
tific work. 

REM.YRKS UV MX, CHtLTOtf 

Dr. Dean very clearly and thorouglily laid out some of the 
fundamenta! processes by which we can expect to have a trained 
horly of men. While he has pointed out the necessity for having 
adunate |>cctuiiary reward, f wish to emphasize another very 
important requirement, and that is, the material used in the 
training, From that point of view it is the teacher who is the 
csseniial person and we can not hope to get a thorouglily trained 
and jnspired set of workers unless we have tbe teachers who 
will dircct their attentiori to the value of Science. 

J wish to follow Up this, point. You will doubtless rememlicr 
many of you. in 1858 there were two very important papers 
reatl before the Linneati Society of New South Wales, one by 
Alfred R. Wallace and the other an uupublished work. The 
principle of natural selection was first becoming popular. Dar- 
wiu s “Origin of the Species” in the hands of a yoimger body 
ot naturalists causetl much stimulating work, and the resuit was 
an mereased kumviedgc of natural history. Wallace drew spe- 
eial attention to the fact that both Darwin and himself had 
trnveled extensively and that he thought the experience resulting 
from that travel liari a great deal to do with their work. It 
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might l>c urged that tliey ivere meu of exceptional ability, but 
tliere is a great amount of force in what Wallace has sai<K 
Those of us at this Conference will, I think, agrce that even the 
small amotrnt of travel in rnmtng here and tlie stimulat ion of 
meeting others have becn of immense importance. I only 
regret that such opportunities <1UL not come my way twenty-five 
or thirty years agro. 

This leads tne to the point that if we are going to train 
workers it is important that we should have some means by 
which tliey caa travel to other parts of the Pacific to see what 
is heing done and compare it with their horne work, What I 
should like to see as a resuit of this Conference is some pro Vi¬ 
sion made toward that end. Xaturally we say that this should 
not be the only meeting of the Pan-Pacific Scicntific Conference, 
It is very desirable that there should be another and if we could 
arrange to have the next meeting in Japam Australia, or New 
Zealand. I am certain the stimulation and impiration arising 
from the meeting would he of immense valne in encouraging 
men to studv scientific problems, 

It seems to me we might receive great benefit through 
interchange of teachers and graduate students. It is the teacli- 
ers we want to equip with a knowledge of Pacific regi otis and 
to enable them to gct the advantagcs of travel we have spoketi 
ahout. I am impressed here with the great facilities for inter¬ 
change of teachers across the Pacific. Some years ago I was in 
London at a congress and the question of interchange of stu* 
detits and teachers came up, but so far as New Zealand and 
Australia are concertied the question of d i sta n ce has been so 
great that no practical resuit has yet bcen attamed. Perhaps 
we are too closely allied in intcrests. Here in the Pacific we 
have not those difficulties, Out in New Zealand we are some- 
what isolatcd. It wasn't until I came here that I understood 
the great facilities here for st.pplementing otir work in New 
Zealand. In the Mudy of geology tliose wtio are going to he 
specialists could not do bctter than come here to stndy vol- 
canology. I am perfecrly certain that within a month with the 
facilities offered bv the V oleario Observatorv thcv would learn 

* sF' w* 

far more of volcanologv than in one or two years in the ordi- 
nary way in their own couutrv. On the other haud in New 
Zealand and other places aiound the Pacific we can offer facili’ 
ties for studying the action of water in eroding great river beds 
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and in forming great plains. Then again in connection with 
zoology here iti Hawaii vou have a pertect ccnter of entomolo- 
gists. So far as f ani aware, tliere is greater opportunity for 
the study of entomology here than in anv of our British nn i ver¬ 
sit ies. In New Xealaml \ve have similar kinds of problema to 
solve antl if wc could send students to Hawaii for a few inonths 
I ani sure they would gain very greatlv. On the otlier hami, in 
Xcw Zealand \ve have a white race vvitli a srnall native popula- 
tion and if political economists can come and see something of 
the mixture of races here thev would gain in a very short time 
wliat would only come with a large ainomit of stndy at horne. 

I hope there will be some sort of codperation resulting 
from this Conference by whidi it will be posstble for student? 
and graduates to pass from one country to the et lier 

HEMARKS BV MR. HOWIJv 

I have becn very rniich impressed with Dr, Deau's talk. We 
are in a bad way scientifically. Probably it is Largely our own 
fault. In the first place, setentists are not good missiouaries as 
a rtile. You hear of men in everv line of endeavor enlightening 
the people conceniing their work by means of addresses. atul 
otherwise bringiug their work to the people. It seenris to me the 
great field for scietitists here and ali Over the wortd i? to get in 
dose touch with people of edtication. It is said of scientist* 
tliat they have shown the world how to organize but that thev 
have not organized themselves, and until we do get behiml this 
movement to get Science to the front we will have to depentl 
upon a few patrons. 

I would like to speak of the sitnation in the govemment 
huieaus. They offer great possibilities for creating- workers in 
Science. In the United States most of the geologists in the 
coi leges and o ut side liave at one time or another been in the 
Gcological Snrvey of the Government. Many physicians and 
chcmists have been in the Bureau of Standards. But todav the 
governmcnts are not attracting men. Xo career for a man so 
far as scientific success is concerned. is offercd in the govem- 
ment bureaus. Out governmeni does not lies date lo sperni am- 
where from $3000 to $10,000 to get a lawyer, but tliinks a scien- 
tist sliould come to the govenmient for $1200 or $1500, and 
that is what wje are offering iti tiearly all our entrance positions. 
This situation imi st he corrected. \Ve nui st let the legislatore 
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know that scieticc is a profession and that our work is just as 
necessary and probably more so for the welfare of humanity 
than many other lines. We have got to pull Science out of the 
mud ourselves. We need patrotis, but do not let us sit back 
and hope for wealthy men to come forward. Let us get bebind 
tlie problem ourselves. 

RKMARKS BY MR. FRASER 

I am sfraid that in Canada as in other places on the 
] 'acific. we are very much in the condition that has to be satis- 
fied with the wetl-known prescription for making rabbit pies: 
“First catch your rabbit.” At present there are very few 
scientists in Canada interested in the Pacific, partly because the 
Dominion as a wliole is overweighted on the eastern side, the 
vvhole plains region and ali of the eastern interior as well as 
the seaboard gravitating toward the Atlantic rather than toward 
the Pacific. That leaves only the province of British Columbia 
interested itt the Pacific. So far as training is concerned, there 
has not been very niuch chance, The University of British 
Columbia is only five ycars old and during those five ycars there 
has been a great deal of detachment of effort on account of 
the great war, The work of the Biological Station faces the 
difficttUy that there is an eastern as well as a Western station, 
and it is much casier to get the men of the east to work on 
the Atlantic seaboard than on the Pacific. 

One of the reasons for the scarcity of trained men that 
has not been stressed is the demand for scicntists in commer- 
cial lines. Until recently scientific requirements had only to be 
stated in sufficientty plain terms to induce men to carry on 
research in any particular field. Now commercial openings 
are becoming so mimcrous that the purely scientific work has 
to be verv entrancing before it will take men away from the 
commercial field. 

The blame for the failure to train scientists has been placed 
on the university, the high schools, the middle schools, and also 
on the pnblic schools. I have taught all the way up the line, 
so suppose T can take a little blame wherever it falis, Tt 
scenis to me that so far as the pnblic schools are concerned 
one of the great dangerp in our present education is in making 

tliings too easv. We have textbooks of a great variety and 
teachers arc trained in many lines to fced the boys and girls to 
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such an extern that they do not liave to do anything themselve-. 
Coi i seque ntly a little later on wlien fields of research are present- 
ed to them, they arc too lazy-mindcd to fie particularly interesteri 
unlcss they have heen picked «p on the wav by some emhusiastic 
teacher uho has been able to inspire them. 

Another difficulty it seems to me in the education of ihe 
primary schools is that we have become slaves to textbooks. 
It is a good rnatiy yeafs now since T came to the coast, At that 
time we were teaching stich subjects as physiography in which 
textbooks are alrnost siiperflnous, nevertheless the matcrial in 
the printed books was «sed. Very often books are based on ma¬ 
teria! that has never been seen t and when the students come to 
the university, a very large rnimber of them have already formed 
a hatred of zoology and botany, We have no definite tcxtbook'. 
no iri te r est in g story-books based on loca! uatural history, and ir 
seenis to me that until something is done along that line we 
ean t expeet to interest children, and through them the parent x 
and other members of the family. It is the general apathy 
tovvard scietitific work that prevents our getting young men to 
takc ttp scicntific work. Many Sunday newspapers and i>eriod- 
icals and other books write a n umber of fake stories of scientific 
work a«<l people liave become so sick of them and have found 
ont their fal lacies so often that thev are rather afraid to pttt any 
faitli in any scientific articles at all. It seems to me a grear 
diange should he made in that regard and that scientists should 
pnhli>h some rea! facts regarding the various phases of Pacific 
scicnce, 

Another point is the fact that children spend a large por~ 
tion of their time at movi ng picture shows. Why could we iu»t 
do a great deal to educate them along scientific lines through 
goorl picture* which vvonld sliow, for example, iife history and 
rate of growtli. If we could only educate the people af large 
and the children from the start right on through, there is no 
reason why we should not get support to carry on the pians 
wc are interested iti. 

K&MARKS UV MtSS TILDES' 

There is one phase of the training of scientists for Pacific 
work which should not be neglected: the training of young 
scientific workers in the coumries visited. 

As a resuit of tlns Coufcrence, there will be undertaken. 
iti all prolmbility, a considerabit ntimber of surveys. covertng 
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such fields as anthropologv, biology or geology, based upon 
^cneral or specific lines. It is to be supposed that the personnel 
of such survcying parties will be made up largcly of investiga- 
lors from the country sponsoring the project. It is suggested 
that voung people from the Pacific countries under consideratiori 
be added to these parties and trained in the kind of work being 
done. These yotmg persotis then, remaining in the region stud- 
ied, vvonld compose a body of well-trained st udent s capable of 
continuing investigations in the various branches of science* 
along the lines followed bv tbe visiting experts. 

For example, it is proposed to make an algological rccom 
naissance of the entire coast line and islatids of the Pacific 
Ocean, the work to be pursued by two exploring parties, 

Now, when these algological workers begin their collecting 
on the shores of Chile, for example, would it not be a good 
plan to have one or two advanced students in biologica! Science 
from the Univcrsity of Santiago join the party? These yoimg 
people cmild to some extent act as gnides in the location of good 
collecting fields. They could act as interpreters in the collectiou 
of information from the people living along the coasts, In 
the end they would return to their institution with a knowledge 
of the inost approved methods of carrying on this particula r 
kind of investigat ion. In all probability they w r ould be encour- 
aged to continue their work and perhaps out of this there miglit 
develop the establishment of a biological station on the Island 
of Jtian Fernandez. 

The delegates from Australia, New Zcaland, and Japan 
give assurance that they wi II furnish the visiting algological party 
with several specially trained young scientists who will bnth give 
and receive assislance in the work of sttidying the rich marine 
vegetation of thosc countries. On the other hand, in the Polv- 
nesian island groups, at anv rate, the natives will be found to bc 
in possession of a botanica) training of their own, of no mean 
value. The Tahitians have names corresponding to our getieric 
and specific piant and animal names and they are verv keen 
observers. Yottng men and girls can he found who would 
prove to 1>e of the greatest help to visiting scientists. No 
rioitbt arrangements could be made for their continuing to keep 
reeords, or to stipply speci mens gathered at other seasmis of 
the year. 
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REMARKS DV MR. COTTON 

If vvc siart at the beginning and examine what is necessary 
t’t»r the training of men for Pacific research or any otlter type 
of research, we find that fundamentally it depends tipon the 
teachcr in the university, that is to say, the university tcachers 
must inspirc their students in the work which it is their duty 
and privi lege to do. What I have to say, I bclieve, is true of 
ali Australia n uni ver sities, bnt it is certainly true of Sydney 
University. In the first place we liave an under-staffcd uni ver- 
sity, which fact. although it does not and cannot prevent the 
mcutal attitudc nf its tcacher* in inspiring the students to do 
scientific work, does haniper theni very cotisiderahly by placing 
tinrlue burdens on their shoitlders. It is a matter we liave to 
eonstder and a probi em we have to solve. 

In the sccond place, this Conference has shown very clearly 
that the pmblems of Pacific research center very largelv about 
tliose of geography and anthropology. There is at present in no 
Uistralian university a chair in either of these subjects, Svdnev 
is establishing a minor chair in geography next year. Surely 
we sliould have chairs in geography and anthropology in every 
Australian university, and I think when we go hack to our own 
conutries this is a matter iu which we will all unite in empha- 
stzing very strongly, 

A third point is that wc have no graduate schools. There 
tiiny he minor scholarships and fellowships which enahle ad- 
vanced st ndents to proceed for a year or two on something less 
tliair a living wage and enahle them to carry out certain scien¬ 
ti fic work. hut sudi students must content themselves with such 
assistancc and ad vice as tliey can obtain from the overworked 
icacliing staff of the university and from other scientific men in 
the commtmity. There is a real need then for some graduate 
courses in Australia. This brings me to the fourth and last 
point. and that is if we are to have exiended scientific work 
we must liave some such system of fellowships as Professor 
Cl regor y lias arranged for the Rishop Museum to enable men to 
carry out such work, Speaking for Sydney only, we have one 
such fellowship availahle for work along the Unes which have 
beeii indionted hy this Conference and that fellowship is spe¬ 
cifica lly allotud for research in agriculture, so that voti sec 
these defio icti cies liamper us a good deal. We must set aliout 
ti> sec that they are made up so that our program of research 
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may get under way and be carried on contimiously. I think 
perhaps the greatest advantage we, as delegate s from Australia, 
will reap from this Cor.ference is that we have had our atten¬ 
ti on callcd to these great Pacific ptoblems and have been made 
to reatize more than ever those deficiencies which exist in 
Australi an institutions, Tliis knowledge will inspire tis to work 
as barri as we can to put those matters right. 

REMARKS BY MR, A. F. JUDD 

I spcak Ifrom the standpoint of a trustee of Punahou, a 
large preparatory school in Honolulu with some 800 students. 
As I view it, the entrance requirements to universities have 
resulted in a great change in pre-coi lege education from the 
time I was a student preparing to go to a university. Twenty- 
five or thirty years ago the rudiments of Science were instilled in 
tts before we got into the high school, Zobbgy was intensely 
interesting. All the beauties of growing things were made 
known to the boys and girls. Now as the resuit of the pressure 
to complv with eollege entrance requirements, this is no longer 
possible. What time is available is devoted to what is called 
biology. and it is gctierally taught from the microscopic stand- 
pnint without reference to the glory of the out-of-doors. Science 
is taught but without romance. It is only a means of getting 
in;o eollege. 

If meu are to be intcrested in Science we have to touch 
the imagination of the students in the early years. I would 
like to venture a guess that every scienti st in this room had a 
strong slant toward Science before he left high school. We 
have to interest them early, The colleges auri universities mu st 
be appealed to to encourage Science In secondarv schools. 

XF.MARKS BY MR. EVERM,\XX 

The causc of the scarcitv of men traineri to do scientific 
work is very deep seated. The methori of instructiou in the 
schools lies, as Mr. Judd has said. with the elementary schools 
ratlier than with the high schools and colleges. The average 
chikl is a born naturalist. Hc asks questions all the time, Ile 
has learned more in the first few years before he enters the ptib- 
lic school than he ever will learn in all after years. Hc begtns 
to ask questions of his teachers which they are not always able 
to answer, and his seiertific tendencies are stamped out by the 
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time he reaches tlie eighth grade. Count the number of teach- 
ers who know ht>w to teach botany and zoology, My observa- 
tion of natural Science as taught is that it is not onlv worthles* 
but that it is pernicious. It does not foster a scientific spirit but 
ratlier leads away. 

The Government trams scientists to do a certain type of 
work. Dr. Dall wanted to find some man able to idcntifv shelT 
and wrote the colleges asking for such a person. He could not 
find otie among ali the colleges of the Iand. 

The question of pay has generallv been answered by saying 
that biologists are alvvays willing to work for love and a few 
extra copies. That is too largely trne and to our discredit. 
Riologists and zoologists should be considered on the same plane 
as Chemical engineers and should have the same pay as the 
physica! scientists get. So it is our own fault» I am sure, but 
when we bave the right sort of instruction the situation will be 
in a degree rernedied. 

REMARKS OY MR. VAUCIIAN 

I should like to go back a step beyond the one memioned by 
Mr, Judd. wliicli has to do with children not only in the lower 
grades but children perhaps even in horues. As Dr. Evermann 
lias said. eycry child he has ever had much to do with is by 
instinct a natnralist, They are interestcd in everything around 
them and the most they need is sympathetic encouragement. If 
vott answer ali the questions they ask, even if they are very 
trouhlesome, you are doing the best kind of propaganda for the 
genera! appreciation of Science. I also believe that a sympathetic 
attitude should continue right on up through the various grades 
of the schools. 1 think also that part of the troublc lies with the 
univer sities, but who is responsible for their attitude? I think 
it will always come back on the gencral Ixxiy of graduates who 
support tlie universities. 

My topic was the training of geologists for work in the 
Pacific. The first thing we need is enthusiasm and continued 
interest in the work. That has already been well covered. One 
thing we particularly need to get into the training of geologists 
is the idea that geology as a Science has to dea! with the history 
of the earth and with the utilizstion of geological resources. 
Geology embraccs many fields and involves many branches of 
scicncc. Research in all the se different lines is needed if \vc 
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are going to under st and the histon of auy part of the earth. 
We need specialists, No man can cover ali of these different 
fields and <ln the work with thc clesired thoroughness. At the 
sa:ne time he can appreciate tliat problems are there atid know 
where to look for help* lf you are going to understand the 
liistory of the whoie regfcrn you mu st tlirow emphasis on the 
whoie thing. The difficulty in obtaitijng geologists for research 
is the same as in other subjects, As a prnfessional career any 
competent geologisi can get a ratlier large remuneration of 
$5.000 or S6,ooo t or maybe $10,000 a ycar. Expcrienced men 
get anywliere from $15,000 to $50,000. The real difficulty is 

to keep tbem devoted to researdi, and to do tbis we need to 

recognize tbe value of men in researcb work. It will not be 

long before we have a similar condition in law and medicine 
and in otber learned professions, Men in private work should 
also be recognized, I do not feci particularly depressed when 
I Find some of the brightest young men going off with com- 
mcrcial concems for I have noticed that they never lose their 
interest in scietitific research. 

Dr. Grcgory is right in bis contcntion tliat a man shoulH 
tbink in terms of tbe Pacific. I bclieve the tiumber of geologists 
who work in the Pacific will be increased as soon as opportuni- 
ties are oflfered for thc men to devote their concentralcd atten¬ 
tiori to the region, Flease remember that in tratning geologists 
for research work we want men who will regard the regions as 
part of the eartli which must bc studicd with rcfcrcncc to the 
liistory of thc rest of the World, 

REMARKR 11V MR. IIARTSCII 

I have been very mncli struck to find liero in Hawaii so 
many different shclls and liavc wondered what rnight he the 
scientific names, I may trace thein ali to the land shelt. You 
have that beatitiful group of Achatiucllas here and many collec- 
1 10115 of tbem throiigfiout the city, and yet in spite of the tre- 
mendam imerest in this gronp you have had very few who have 
devoted thcmsclves to thc systcmatic study of these beautiful 
orgatiisms. I have wondered why it is necessary to call on the 
nicn on the mainlatiri as specialists. Mr. Judd and Pr, Ever- 
iiiann, I think, have tottehed the keynote—a lack of teachers, 

It is interesting when you look back in the history of Science 
in America to find the stages through which it has passed. 
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When I attended the high school we had to make a herbarium 
of one hundred plants and identify each one, Those hundred 
piant5 are my frieuds today* They form the nucleus ot a 
knowledge of botany which has been the greatest inspiration 
that has come to me. I remember when I went to the Philip- 
pines I $aw trees which with us were mere shrubs. I had to 
ask Dr. Merrill on several occasiotis their correct. tiames, They 
were giant cousins and I had recognizcd the relationsbip. I 
have uever once been lonely on account of this bit of informa- 
tion which I gained through the study of botany. 

Lct us look at tbe difficulty. I do not think it is with the 
primary schools at all. Iu the earlv classes the teachers teli 
the children something ahout tbe common animals. The fault 
lies with the high schools where voti find the microscope and 
wonderful rows of shelves and cases filled with sections. Then 
it is so easy once vou have a microscope to send to the Uni ver¬ 
si ty of Chicago and get pieces of other plants that grow in vour 
backyard but of which vou are unaware. and hand to tbe stu¬ 
dent s for the making of other sections. In other words t we have 
gotlcn into a machine-made hiologv, and it is so easy and pleas- 
unt for the ladies who are teaching these subjects to simplv take 
a specimen and make a microscopic section in order that \ve may 
get at the real fumlamentals of thmgs, for once upon a time the 
pendulum swung in one direetion and we beheved tliere wa- 
nothing beyond syslematic zoiilogy. Then we Cartie to tbe poiht 
wliere certain biologtsts of extreme abilitv pointed out that after 
all wc migbt find the ccll-likc structure of the varinus organi- 
zations i ii unity and we might find There a panacea which would 
remove ali those disastrous questions which have assaitrd sys- 
tematic zoology as far as religion is concerred. 

I am lioping it may be possible some time to get teachers 
who can teach the old-fashioned zoiilogy and botany in the higli 
schools with all the other information added. I had a inost inter- 
estiug experience iast year. (I might say here I have had chargc 
of botany in the George Washington University for almo.st a 
quarter century.) We made an attcinpt to get a man who would 
be willing to give as a foundation a systematic course in botany, 
as a foundation course I repeat, Ile has not been found yet, in 
over a years time. 1 feel sure this is what we sliould look 
forward to if we expect to re-awaken that interest on the part 
of the public which oitr natura! Sciences deserve. 
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REMARKS RY MR. RJCIIARDS 

One thing this Confercnce should aim at iis to see that finan- 
cial remuneration for scientific work is cnhanced. During the 
war ali natiuns felt the necessity of the aetual Service of scien- 
tists. They were promised all kinds of things and all sorts of 
ideas were put forth as to what niiist be done. particularly in 
England, where scientists were notoriously ill paid. It was 
dedded that the first thing to do was a particuiar job, and the 
job went to a particnlar scicntist. Truc, to a considerable 
extent the reward of scientific work has heen increased, but the 
work of the scientist is necessary, and the sooner the people con- 
cerncd realizc this, the sooner will adequatc conpeusation be 
provided. 

In Australia the nnivcrsities put forward a scheme to the 
Commori wealth government for establishing certain fellowships 
for carrying on research work jn the Pacific istands. The Com- 
monwealth governmcnt went into the matter but is not likely to 
put up the money, although it is favorably incliner! to the view 
that the work is necessary. Some extra influence is ticeded other 
than schemcs from the Australian universities* If we can go 
home from this Conference and absohttely convince the Common¬ 
wealth govermnent that it is their job to carry out this work, it 
will be of conside rabie Help. 

REMARKS RY MTt. W<X>I)~JONES 

There is at present no federal bureau of anthropology in 
Australia nor is there anv institution in any individual state 
which possesses a propertv siaflFed and erptipped department for 
the conduct of amhropological work. 

A chair of anthropology is a great need in Australia and its 
incorporation with pne of the large universities haviug teachers 
and research facilities is mttch to be wishcd for. A very large 
store of anthropological material. both physica! and cultural, is 
collected in the mttseimis of Perth, Adelaide, Melbourne and 
Sydney; and there is a great need for the working over of this 
materia! upon modem scientific lines. More espccially is this 
want felt in regali to the exatv.ination of the skelctal temains 
of the pcoples of Australia and surrounding Pacific regiotis. 

The museitnns in which this materia! is slored are not 
directly attached to the universities or other tesching bodies, 
and it is much to be desircd that, pending the establishment of 
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>uch a chair of anthmpology. a onnrditiatinn of effbrt sudi as 
wc ha ve rcceully effccted in Adclaide Tiiight he hrought ahout 
hv which a universitv teacher interested in the ?tudv of mati 

* -P # 

may lie appointed ITonorary Curator of thc Sectio ti of Anthro- 
pology in the muscum. An undtie amonti t of aut hropo logica! 
materiat remains in thc hamis of private individuals in Aus¬ 
tralia. and this private appropriatio». especiallv of large series 
of crania, should he cmphatically dtscouragcd. 

The present speaker lias no doubt iu affirming his belief 
tliat plcnty of ymuig men of thc l>est sort vvonld hc readv to 
take up the wnrk werc a chair of anthropology estahlished in 
onc or more of the Australian universities. Antliropology cantiot 
thrive in a tcachmg eenter when it may or may not happen to 
he a moro or less interesting hohby of the Professor of Anatomy: 
much less can it thrive if its sole exponents are detached ama* 
tenrs working witliout coordination and often iti acttial rivalry. 
ft is much 10 he desired that one outcome of the deliberations of 
iliis Contercnce will he a stimulus given to the Australian dele¬ 
gatus stieh as will cnablc them to infiuence public and officia! 
opinion in Australia and lead to the estahlishment of a chair of 
anthmpologv in one or more of the im i versi Ites. 

R !■: M A R KS 11Y MR. f .RKOORV 

I <1111 a confirmet! optimi st and I believe scientific men are 
going to he found for work in thc Pacific. 1 also believe that 
toobtaiti them may involve changes in thonght and action which 
nppenr snmcwhat radicat. 

The scienti sis dircctly concenied with the Pacific are few in 
numher* workers must come from Continental coimtries, from 
educational centers which give little thonght to the great Pacific 
region, To do thc best work, I believe it essentia! to thitik in 
Pacific tenus. There is something abotit thc $en timent or feeling 
that “this is my part of the worltl and my job to solve its prob- 
lems,'’ which reacts on scientific workers, Few of us ha ve that 
attitude. In momenti* of ahstraction our minds unconsciously 
tum to Europe or to thc Atlantic seaboard or perhaps make the 
jump to Japan or China. Our friends from New Zealand know 
ali about England but are snrprised in Hawaiu The Hawaiians. 
iti turn. know little of tlieir Engljsh-speaking brothers to the 
south. It is difficult for us in HonoluUi to realize the import- 
ance of a kuowledge of Japan, Java, and Australia, and that tn 
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know something of the working of a Chinese mind is o£ grcatcr 
immediate value thari familiarity with the politics of New York 
City. Most of us are Atlantic-minded rather than Pacific- 
minded, but somehow we should develop a Pacific sense. I 
believe it is a conditioning factor in the training of scienti sts 
for Pacific work. 

I agree with Dr. Yamasaki and other speakcrs that the lack 
of interest in Pacific things is in large part due to scliool text- 
books. Pupils in Hawaii leam about the Pacific from geogra- 
phies made to sell east of the Mississippi river, and may have 
hecn writteu bv teachcrs whose first-hand knowledge of the 
world is gained from the streets of Boston or New York, sup- 
plemented by a trip to Europe. The same condition prevails in 
other Pacific countries, It may he found necessary to write 
textbooks which will give an adequate picture of the Pacific, for 
certainiy no yoimg man will respond to the call for seientisis 
who has not had his attention drawn to the Pacific as a region 
of interest and opportunity. I believe it is appropriate in our 
classrooms, through the press, and by pcrsonal interview to show 
that Pacific Science is an enviable career—a job for red- 
blooded men. 

I agree with Dr. Bowie and others that inadequate remuner¬ 
ati on makes it difiicu It to obtain men, but I do not rate this 
obstacle so higlily. I have never known a capabte student who 
earnestly wanted to get into Science wlto did not have the oppor¬ 
tunity to do it; but I know many men without money who bave 
gone into Science and soon found tbcmselves relieved of financtal 
worries. To my mind, ilie seriousness of the situalion lies jioi 
so tnudi in the absence of opportunities for a scientific career 
as in the lack of enthusiasm for the scientific life of disinterested 
Service. However, as conditions exist today, it seems desirabie 
to make exceptional effort to increase opportunities to take up 
Pacific work. With this in mind Yale Universtty and Bishop 
Museum have combinet! in foutiding four fcllowships with an 
annual stipend of $ 1.000 each, available for professional workers 
interested in Pacific problems. If this proves to be a satisfactorv 
procedure, I trust that other institutions will make similat 
provision. 
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OX REHALF OF THE PAX-PACIFIC UXIOX 

Bv C. J. McCarThv, President of the Pan-Pacific Union and 

Govemor of Hawaii 

Mr. Chairmaii, Members of the First Pan-Pacific Scientific 
Conference, Ladies and Gcntletnen: 

In the name of the people of the Territory of Hawaii I 
bid yon welcome to that which we like to cail the Paradise of 
the Pacific. 

In the name of the Pan-Pacific Union I also bid ynu wel¬ 
come to that which titey like to cail the Cross-Roads of the 
Pacific, 

I wish to thank those who have come here to attend tliis 
Conference, The representation has been much larger an<I 
greater than we cxpected, I believc that dnring your stay 
here yon will see that both tities really belong to this beanti ini 
gronp of Islands, 

The qnestion might be asked—Wliat is the Pan-Pacific 
Union ? Wliat does it represent ? What does it statui for ? 

In Hawaii we have people from many countries which 
border on the Pacific, These people have come together and 
organized the Pan-Pacific Union, Its nienibership cotisists of 
people from ali these countries. The foundation stone of this 
organization is that ali these people know one atiother as they 
shonld and it statuis for the brothcrhoml of men. The or- 
ganization realizes that the Pacific Ocean is to become the 
theater of vast commercial enterprises. 

What do we know of the Facific? Comparatively nothing. 

Most of Ihc problems bclonging to the Pacific and the 
developtncnt of the Pacific are scientific in their nature, That 
is, they should be studied from a scientific standpoint so as 
to get the heFt resnlts, 

Hawaii occupies a great scientific posiiion in this respect 
for out here in the midst of the ocean we have a scope of 
everything which stimmnds us. We are abi e to ennsider 
evervthing relating to the devekipmcnt of this great ocean, 

I saw tlic other day a ehart of the Pacific. This cliari 
slimved bow litilc the people alrcady know and it shows the 

' f oro 3 


Digitized by Goo 


Original fro m 

HARVARD UNtVERSITY 



940 I'SdGxTlFlC CnXFERtNCE 


fwstibilities for luture improvements and an increase in the 
knowledge of what we shottld have in order to develop this 
great ocean. 

Hawaii itself has its problems. I believe that you gentie- 
men will fmd in Hawaii a veritable museum for scientiflc in- 
vestigation. I believe that in the program it is intended that 
at the end of the week you are to visit the Island of Hawaii. 
There in the Volcano of Kilauea you will see the world in the 
making. As you travel along the Kau and Kona coast you 
will see recent lava flows and older flows; the recent flows 
l>eitig barren vvithout any vegetation and the older flows, as 
time went on have disintegrated into soil and vegetation is 
hcgmntng to grow. As you get back to Hilo from the trip 
to the volcano you will see soil twenty feet deep. Ali this 
will afford materia) for investigation. 

I wtsh to thank you for your attendance here and hope 
that your stay will be a pleasant one. 

This morning we haVe already given you a touch of 
li(|uid sunshine and we have that same thing by moonlight, 

I thank you. 
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<)N ltETTALF GF THE UNIVERSITY OF HAWAII 
By Arthur L. Dkan, President ot the University 

Mr. Chairman and Members of the Conference: 

It is a great pleasure to be able to welcome the dclegates 
to the First Pan-Pacific Scientific Conference in behalf of the 
University of Hawaii. This institutio», under its present nanie 
and witli its present organization, is scarcely older tlian this 
Conference itself. Twelve years ago there was organized in 
Honolulu a CoIIege of Agricultnre and Mechanic Arts, the 
last orte of the so-called Land Grant Colieges to come into 
existence, This institution developed slowly and was, in its 
early years, restricted to work in agriculture, engitteering, and 
a related group of the Sciences, As it became more firmly 
established in the Territory the necessitv for a widcr scope 
of instruction and investigat ion became evident. The Legis- 
lature of this Territory which met in the spring of 1919 de- 
cided that the foundation for a Territorial University should 
bc Iaid, using the piant and organization of the CoIIege of 
Hawaii as the beginning of an institntion of greater scope 
and, wc hope, of wider usefulness. Flans for the immediate 
future cail for two undergradnate colieges, a CoIIege of Ap¬ 
plied Science which is substantially a continuation of the 
former CoIIege of Hawaii, and a CoIIege of Arts and Sciences, 
In this latter college there will be fottnd iliose students whose 
interests are not primarily scientific ot at any rate are not 
directed to the applicatior s of Science. 

The University will not rest content. however. with under- 
grad uate instruction alone, A certam amonnt of graduate 
work and of research on the part of the advanced studettts and 
members of the faculty has bcen going 011 in the College of 
IIaw r aii for a number of years. This aspect of the University'* 
work is bound to hecomc more and more important and to 
relate iiself with other research organization? in the Territory 
and elscwhere. 

The University is supportet! part by the fumis derived 
from the United States Government under the Land Grant 
Acts, amounting at the present time to $50.000 annually, and 
in part by appropriations made by the Territorial Lcgislature. 
This latter body has in recent years adopted a far-sighted and 
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getierous policy in the support of higher education which we 
hope will be continuet!. 

The Umversity has wetl cquipped laboratories for a n um¬ 
bo r of the scietices anci the faciiities for scientific work are 
being ad d eri to each year. There is now under oonstruction 
a laboratcry for marine biology in conncction with the Aquarium 

which has recentiv been transfcrred to the care of the Yni* 

■« 

versity. Special provision has also been made for investigations 
iit seismology in which we are particularly interested. 

It ts the hope of the members of the University tbat we 
shall be able to cooperate with you in carrying out the pur- 
poses of this Conference and that this cooperation will not 
cease with the end of our sessions here. We may hope that 
this Conference will bring about a sense of the communit? 
of intcrest in scientific work in all parts of the Pacific. In 
the future we hope that the different scientific institutions 
can keep in touch with one another for the exchange of ideas, 
of workers, and of students. You may be sure that the instim- 
rioti which I represent will he only too glad to cooperate in 
any or all of these ways. 
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ON BEIIALF OF THE EXPERIMENT STATION OF 
THE HAWAIIAN SUGAR PEANTERS ASSOCIATION 

Bv H. P. A CEE, Director 
Mr. Chairman anrl Delegates: 

As scientists visiting Hawaii, your interest may sooner 
or later be attracted to the Hawaiian sugar industry, and the 
part that applicd Science has taken in placing this industry in 
the somewhat unique position it occupies at present. 

From the early days the founders of the sugar industry 
in Hawaii have appreciated the advantages to be derived from 
cooperation, and the henefits to be realized by the application 
of Science to their agricultural and manu factu ring enterprises. 
One evidence of this understanding on their part is the Expcri¬ 
ment Station of the Hawaiian Sugar Planters’ Association. I 
speak for the staff of this Expcriment Station in bidding you 
wekome to Hawaii and in expressing our pleasure in having 
you here, We wish to extend to you an .invitatioti to visit 
our Station, and to becotne acquainted with the work we have 
in hand. 

Our Expcriment Station differs from most institutions of 
this type in that it is operated in entire independence of any 
govemment funds or private endowments, Our work is con- 
ducted as an integral part of the sugar business of Hawaii- 
Our investigations and researches are t in consequence, planned 
in accordance with the economic questions pertaining to sugar 
productior under the diverse climatic conditions of the four 
main islands of the group. 

Our Station passed its twenty-fifth birthday in Apri) of 
this year, it having had its beginnitig in 1S95, Prior to this 
time (Hawaii in was prodncing 150,000 tons of sugar a 

vear. about ime-quarter of tlic present output) the planters had 
formed an association which dealt with the supply of labor, 
and met periodically to di scit ss the practical questions of the 
industry. 

Commercia! fertilizers were imported as early as 1878. 
The prublcm arisitsg as to the proper use of these materials led 
to a ca!l for scicntific aid. In an early report by a planter, 
dated 1883, we rcad of the concern felt at that time: 

[ ] 
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The qwcslifKi of frrtilizcrs for <ntr f;iii rxluu^tuiK soiU ii 3n r - 
eofiiinjj; ei vt-ry .smoiis t«f. Wlurn it is rcalizerf thsi from 2") to fxi 
tolis; of cani' is a verv conimnn yicltl per ii(ff on nur plaiitatinns; it 
re-f|nirts no proplict to furricll tlw decline of cvni oiir ridtest suili, 

The steiry of how the Hawaiian planters have contimted 
to crop these “fast exhausting soils” of 1883, year after year. 
cane crop following cane crop. wfth little or no relief in the 
way of fallowing and green manuring—how in cloing this 
they have not ony maintained but have steadily incrcased the 
vteld per acrc until the rccord yields of these lands are not 
ones which sprang from the virgin fertilitv of a generat ion or 
more ago. but the crops of today, after 25 to 50 years of con- 
timious sugar cane culti vation—this is a story with few paral- 
lets in the history of agriculture. 

It is a storv of industry, perseverancc, cooperation, and 
applicd Science. It has its dark chapters of struggle and dis* 
couragement; there have been serious probleim ali along the 
way. It telis of how the laboratory, the technical library, the 
traiued specialist, bave taketi a prominent part in dealing with 
these problems, sustaining and upbuiiding the sugar agricultore 
of these islands. 

The first efforts of the Experiment Station were devoted 
more particularly to agricultural chemistry. the soil and fer¬ 
tiliter ejuestions occupying much of the time of the earty 
workers, leading to sonie splendid investigations on the soils 
and lavas of Hawaii by Dr. Walter Maxwell and his assistant?. 

It vvas iu 1903 that the cane fields became infested with 
leafhoppers, and so severe were the ravages of this newlv in* 
tmduecd pe st that the industry sttffered disastrous losses, and 
was actually threatened with ruin. This led to the organiza- 
tiou of a dcpartment of entomology and the engagement of 
the best talent gbtainable. The account of how the pest was 
placed under control by the introduction of a very minute 
insect—a natural eneniy obtained from Australia, whence the 
post had come—is one that you should hear because it is a 
striking cxample of how science can benefit agriculture. I 
hope that your pro grani committec will call «pon our ento- 
mologists to teli you of this work. Both Mr, Swezey and 
Mr. Muir had a part in the uiidertaking and can give you 
first-hand informat ion. The control of' the cane borer by 
a tachinid fly, for which Mr. Muir searched the South Seas 
some years ago. is no less interesling, and likewise extremely 
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important to Ilawaiian sugar production. The control of 
these two pests and the mare recent subjugatum of a white 
grtib that gained access to the cane areas on Oahu are threc 
signal achievemeiits of economic entomology. 

Xot only havc otir fields suffcred froni insect pests. but 
piant discases have also reaped a heavy toll, luvestigations of 
ihc capse and character of these sugar cane diseases liave led 
to rclicf. both by tbc choice of resistant cane varieties and 
the modification of agricultura! practiccs to meet the situation, 
The study of foreign diseases in Java. Fiji. Australia* and 
other regions by Dr. Lyon lias resulted in nmch iuformatton 
for the guidance of our agriculture. Sugar cane pathology 
is prini ari 1y concerned with preventive measures* 

Following the leafhopper disaster of T903-04, stringent 
rjuarantine was established against the introductio 11 of cane 
frotn abroad, and ahuost siniultaneously tlie Station began 
the propagatio 11 of new seedling varieties, Of the first 5 000 
scedlings propaga ted, about 1905, by Mr. C. F, Eckart, then 
Director of the Station* therc is onc cane. H 109, that is heing 
adopted by the plamations of tlie irrigated distriets. These 
are spreadiug it very rapidly. Fortnnately it is a variety that 
th rives where tlie otd Laburna cane succumhs to r<xit diseasc. 
There are nnw prohnhty 25,000 acres planted to this seedUng 
and it promisca to l>e a bonti to the industry. 

An important tenture of our work that lias been expanded 
rapidly dtiring the past vetirs, is the fieid expermients* a co¬ 
operative umleriaking between the plautations and our .agri- 
cultural rlepartment, Tlie re are more ihan a hundred of these 
fieid tests located 011 tlie plantat ions xvitli a view to solving 
ipicstintis that arise as to tlie liest field practiccs. The ex¬ 
tensive use of commercia! ferlilizers and the most pro fi tabi e 
way of utiliring these expensi ve piam fnods is stili a very perti- 
nent issue, 

Our original di vi sion of Agriculture and Ciiemistry is 
now divided imo three distinet flepartments: Ciiemistry, headed 
hy Mr. Guy R. Stcwart: Sugar Technology, in charge of Dr. 
R. S. Xorris; and Agriculture, under Mr. j. A, Verret. These, 
with Entomologv. .and Rotany and Forcstrv. constitute the 
fi ve main branches of our work. 

The staff coinprises thirtv meit of scientifie training* who 
are aided by about half tliis ntimbcr of cleri cal assistants and 
laboratory helpers. 
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1 wiiiiM eall aitention to a vcry important line ol vrork 
that ne ha ve reeemly takeu up, une that ! ha ve appetit 

to ait—Forest ry. 

The watorshed fore st s of i lawaii, so vital tu su^ar pro¬ 
ductum. are deteriorat i ii!£ rapidly, i^irtly on accrnmt of a none 
tuo distinet separat i uti of ^razin^ and forest laiids. and parti y 
to the chan^td envirotmicnt tu which the native tlora U >ub* 
jected hy the encmachment of im roditced i^rasses. 

To reniedv t !tis situation the sti^ar planter» liave recently 
extended their cob|>erntion to the Torritorial Itoard of Atjri- 
cnlturc and Forcslrv. \Ye are now formulatiiig ways and 
means to protect and improve the watersheils» tliat mean sn 

mnch to tiic future of Jfawaiian a^rieulture. A branch oi 
this proeedure is that of introducini* trees and plants troru 
forei^n cotintrics. and Dr, T„yon, ivho heads the work. has 
already broujjht together a very rare and valuahle collcction 
of plants, some of which vrill no doubt lend themselves to 

>tren0hen our forest cover. There are several hnndred t Inni¬ 
sa nd acres of forest lanrl to l>c cared for and the project is 

one whosc fullillment will take gencrations. 

You see thereforc that ive are planninjr aheaiL Tiie silear 
agriculture of 1 lawaii is not one of explottinjf the priineval 
fertility of the soil, to be foliowed by tlie ahandomnetit of 
wastcd areas; as has heen the case with so much of the worlds 
agrictilltirc. 
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OX BEHALF OF THE TRUSTEES OF RISHOI 1 MUSEUM 
Rv Alukrt F. Prcsident of the Roard 

Mr. Cliaimiait and Gentlemcn of the Conference: 

It is my pleasant dutv as President of the Trustees of the 
Pernice P. Bishop Museum to jom in wclcoming to Honolulu 
the members of the Conference, atid to say that for each of you 
there awaits a cordial greeting at the Museum. We hope that 
in the laboratorv aml exhibitioni halls you will take pleas ure in 
spending yottr frec time as the dclilierations of the Conference 
may permit. 

The Museum is a privately endowed iustitution with a lim¬ 
itet! income and without govermnental or mitnicipal aid. It is 
governed by a body of scven trustees, ali laymen, who account 
annualiy to the Court for tlieir stewardsliip under the deed of 
trust The donor of the Trust was Charles Reed Bishop of Glen 
Falis, New York, who arrivcd in Honolulu in 1846 and who 
died in 1915. The Museum is a memorial to his wife, the Prin- 
cess Bcrnicc Patiahi. Mrs. Bishop, who died in [884, was the 
last of the Kamehamehas, the royalty of Hawaii, and as sudi 
had inheriterf a large collection of pricelcss heirlooins, the fcatlier 
cloaks, kahilis, calabashes and tapas of her relatives. Tbis and 
the collectiori of Queen Emma, the Doivager of Kamehameha IV, 
are the basis of our ethnological collections. It is cxtremely 
probable that the idea of a muscum in I louolulu originated with 
thcse two royal personages. With rare j 11 dgruent Mr. Eishop 
develoiwtl tlie idea, taking cotiusel with leaders of constructive 
thought in Havvaii. 

The deed of trust provides atnong other thitigs, for "the 
maimcnance and further equipment and development of the said 
Hernice P. Eishop Museum as a scientific iustitution for collect- 
ing H preserving, storing and exhibiting speci mens of Polynesian 
and kindred antiquitics, ethnology and natural history, and books 
treating of and pictures illustrating the same, and for the exam¬ 
inatio», 111 vestigat ion, treatmciit and study of said spccimens, 
and the pnblication of pictures thereof and of the results of sudi 
investigation and study.” 

I think you will agree with me that those who framed tbis 
deed of trust did their work with visio» aiid farsightedncss. 
Natural history is necessarily interwoven with ethnology and 
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in tlie Pacific region the relation between these two branches of 
scicnce is particularly elose. 

The field of our Museum is primarily Hawaii, tben Polv- 
nesia and the fringc of tlie Pacific Occan with its subttc influence 
on the life of the islands. 

I wML not attempt to outline the extent of our presem eol- 
lections nor the condit ion of the Hhrary, but will lea ve you to 
gain yoitr own inipressions at first hand. Rut let me say this: 
ail suggestions for cxtensions to or the care of the collecticiis or 
library will be gratefully welcomcd. 

Speaking as I do on behalf of a body of laymen to a care- 
fully selected body of scientists, let me say with deliberatiori that 
tlie Tnistees realize tlie size of the taslc before our Museum. 

Rccausc of the Miiseums strategic location not only is out 
opportunity uniqtie but our obligation also is unitjuc. It is our 
belief that the probleius of tlie Pacific region are too big and too 
complicated (the men ulso are too few) and the "vanishing 
problema" are vanishing too fast to be solved by any one scien- 
tific institution, however big and however richly endowed. It is 
also our belief that the key to these problems is coopcration 
between existhig institutions in the spirit of service to Science. 

Coopcration with other scicntific institutions is no ucw idea 
to ihc Bishop Museum. Possibly the future historiali will place 
us amoiig the Icadcrs of American institutions in this regard, for 
in 1&J4 the Trustees were privileged to join with the British 
Museum, the Royal Society of London and the British Associa- 
lion for tlie Advancement of Science in the work which culmi- 
nated in the publication of the “Fauna Hawaiiensis,” It is not 
pmhahle that the work done in Hawaii in economic entomology 
since 1^4 cottld ha ve been accomplished but for this excursion 
int<i pufe Science. 

Wc bclieve that coopcration is a relation depending for its 
suecess on the attiturle of the members tliereto (I hope that does 
not sceni too lega!) and tlie attitude of the Trustees and Di¬ 
rector and sta IT is one froni which is excluded the idea of com- 
pcting with other institutions. VVe believe that in making ex- 
cltanges of maierial and books the basis sliouhl not be money 
value. because it is iiii]Jossible to place a money value on ali 
tliings. The rcal basis of exehange sltovild be to support codper- 
ation atid advancc the cause of scicnce. It is our purpose Io 
send material and hooks to tliose institutions that will make 
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good use of tlient. and within the field of our activities \ve 
desire to assist in the publica tion of manu seri pt which is pigeon- 
holed because no money is fortheoming. 

We propose to build up in tlonolulu, large Pacific collec- 
tions not for show nor for pride of ownership, but for study 
by anybody, and for djstribution. It is my personal belief that 
after it has served the pitrposes of the investigator, represema- 
tive material obtained in the Pacific region by expeditions from 
other institutions, should be deposited in the Bishop Museum. 
Such a disposition of materials would tend to obviate duplication 
of effbrt and funds by tuaking it possible to see what work 
had already beeti doti e. 

If this First Pan-Facific Scieulific Conference can state in 
black and white the unsolved problems concerning the Polyne- 
sian race and the Pacific region, and can put into cold type the 
mature judgment of its menibers as to the best methods of 
approaching these problems, there will be written a book which 
no student of these subjeets can disregard, a book for which the 
Hisliop Museum will forever be iu your debt. 

To sum up, the Bernice P. liishop Museum is ready to 
cooperate witli otlicrs to the 1 iniit of its resources within the 
field marked otit by its Dced of Trust, 
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